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 ABSTRACT
Remedial and preventative measures
for the control of non-point sources
of water pollution are the subjects of this extensive state—of—the-art
study.
The control of sediments, nutrients, pesticides
and chemicals
from eleven different land use activities
is discussed.
A description,
evaluation and cost estimate is presented for each of the approximately
one hundred remedial and preventative techniques contained in the catalogue.
References to over two hundred documents on the control of non—point
sources
of water pollution are listed.
Analytical techniques used to evaluate the
application of remedial measures are discussed.
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INTRODUCTION
Purpose of the Catalogue
 
On April 15, 1972, the Governments of Canada and the United States
signed the Great Lakes Water Quality Agreement. As an integral part
of this Agreement, the International Joint Commission was asked to
establish a Reference Group to study pollution in the Great Lakes
system from agriculture, forestry and other land uses.
Subsequently, the eighteen—member "Pollution From Land Use Activities
Reference Group” (PLUARG) was formed with an equal number of Canadian
and United States members to answer the following three questions:
Are the boundary waters of the Great Lakes System being
polluted by land drainage (including ground and surface
runoff and sediments) fromzagriculture, forestry, urban and
industrial land development, recreational and park land
development, utility and transportation systems and natural
resources?
(1)
If the answer to the foregoing questions is in the affirmative,
to what extent, by what causes, and in what localities is
the pollution taking place?
(2)
If the Commission should find that pollution of the
character just referred to taking place, what remedial
measures would, in its judgement, be most practicable
and what would be the probable cost thereof?
(3)
In o
rder
to p
rovi
de
an a
dequ
ate
resp
onse
to t
his
last
ques
tion
, th
e
Ref
ere
nce
Gro
up
pro
pos
ed
a s
eri
es
of
stu
die
s t
o d
efi
ne
all
tho
se
rem
edi
al
mea
sur
es
per
tin
ent
to
the
sol
uti
on
of
the
pro
ble
m a
rea
s i
den
tif
ied
.
Thi
s s
tud
y w
as
und
ert
ake
n t
o p
rov
ide
an
eva
lua
tio
n o
f t
he
str
uct
ura
l/
non—
stru
ctur
al
reme
dial
meas
ures
avai
labl
e to
cont
rol
non-
poin
t so
urce
s
of w
ater
poll
utio
n in
the
Grea
t La
kes
Basi
n.
For
the
purp
oses
of t
his
study, nonapoint water pollution was defined as including all sources
of water pollution with the exception of discharges from industrial
operations and municipal sewage treatment plants. The latter two
categories were classified as point sources.
 Pu
rp
os
e
of
th
e
Ca
ta
lo
gu
e
(C
on
t'
d)
 
Alt
hou
gh
the
stu
dy
was
com
ple
ted
in
Can
ada
,
it
is
exp
ect
ed
tha
t
the
fin
din
gs
wil
l b
e u
til
ize
d i
n b
oth
Can
ada
and
the
Uni
ted
Sta
tes
.
The
stu
dy
was
app
roa
che
d i
n t
wo
pha
ses
.
In
the
fir
st
pha
se,
the
cont
ract
or i
nven
tori
ed a
nd e
valu
ated
the
reme
dial
meas
ures
rela
ted
to the control of sediments, nutrients, pesticides and chemicals
associated with eleven land use categories. The evaluation included
a description of the technique and a discussion of the frequency of
use,
sour
ce o
f de
sign
info
rmat
ion,
leve
l of
poll
utan
t co
ntro
l a
chie
ved
and the associated benefits and costs. This information is presented
for each technique on a single catalOgue page.
In order to avoid problems where a single remedial measure may be used
to treat problems associated with a number of different land use
activities, a system of cross references has been prepared in matrix
form in Figure 1. By referring to this matrix, the user can quickly
identify the remedial measures available to control any of the four
pollutants associated with each of the designated land use activities.
A page number is also included to direct the user to the correct
catalogue entry.
It should also be stressed that this catalogue represents a compendium
of individual practices applicable to the treatment of specific problems.
Real world situations may often require the application of several of
these practices in combination in order to provide a proper land
treatment system .
Many of the individual practices found in this catalogue have been
developed over a long period of time and are known to be effective when
properly applied and maintained. When applied as a land treatment
system, each practice in the system has a specific and complimentary
relationship to the other practices. Often the total land treatment
system is more effective in reducing a given problem than the sum of
its component parts.
l.
l
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Purpose of the Catalogue (Cont'd)
 
The
second
study
phase
involved
a
review
of
those
analytical
techniques
currently
available
to
evaluate
the
application
of
individual
remedial
measures
or
combinations
thereof
in
specific
problem
situations.
Information
was
collected
from
federal,
provincial,
state
and
local
agencies,
as
well
as
universities,
research
institutes
and
private
industry.
Due
to
time
and
fiscal
constraints,
the
contractor
was
unable
to
do
independent
field
investigations
or
original
analysis,
therefore,
most
of
the
descriptions,
efficiencies,
advantages,
and
other
disadvantages
are
from
the
statements
of
others
contained
in
the
literature.
 2. l
THE NATURE OF THE POLLUTANTS
 
Fou
r
bas
ic
cat
ego
rie
s
of
con
tam
ina
nts
hav
e
bee
n
ide
nti
fie
d
by
PLU
ARG
as
non
poi
nt
sou
rce
pol
lut
ant
s a
ffe
cti
ng
the
wat
er
qua
lit
y o
f t
he
Gre
at
Lak
es.
The
se
are
Sed
ime
nts
,
Nut
rie
nts
,
Che
mic
als
and
Pes
tic
ide
s.
Sediments
Sed
ime
nts
are
sol
id
par
tic
les
whi
ch
are
tra
nsp
ort
ed
by
wat
er
in
sus
pen
sio
n o
r a
s b
ed
load
.
The
se
sol
id
par
tic
les
are
pre
dom
ina
ntl
y
soil
par
tic
les
of
var
iou
s s
ize
s b
ut
als
o i
ncl
ude
ins
olu
ble
org
ani
c
and
inor
gani
c co
mpou
nds
whic
h ha
ve s
uffi
cien
tly
smal
l ma
ss
size
to
be detached from their place of origin and transported. Sediments
are considered pollutants when they render water unfit for a
particular use either by their presence in suspension or as deposits
on the bottom. The detrimental effects of sediments may include
obstruction of drainage channels and conduits, interference with
navigable waterways and harbours, filling of reservoirs, deterioration
of aquatic habitat due to turbidity and deposition, clogging of water
filters, and concentration of pollutants in sewers which result in
highly polluted discharges during the "first flush” of storm runoff
events.
Associated with the physical aspect of the sediments, are the other
pollutants which are contained within or tightly attached to the
Most
sediment particles. of the phosphorus in the soil, whether it comes
from organic or inorganic sources, is absorbed onto the soil particles.
Organic or humus nitrogen lost from soil into water is associated with
sediment. Because of the tight binding characteristics of some pesticide
residues to soil particles it is suggested that the general pollution of
waters by pesticidesoccurs through the transport of soil particles to
which the residues are attached. This phenomenon also holds true for a
number of chemical pollutants as well. Thus control of many other
pollutants in the chemical, nutrient and pesticide classification depends
largely upon the control of sediment production and transport.
  
2.2
2.3
Nutrients
Eutrophication is regarded as one of the most important water quality
problems
for
the
Great
Lakes.
PhosPhorus
and
nitrogen
are
considered
to
be
the
nutrients
limiting
the
growth
of
algae
in
most
lake
waters.
Control
of
these
nutrients
has
been
emphasized as
the
approach
for
controlling eutrophication.
Various other nutrients essential to
plant
growth
are contained
in runoff from many
land uses,
but
there
has
been
little
evidence
to date
that
nutrients
other
than
nitrogen
and phosphorus
limit
algal
growth in
lake
waters.
In natural
systems,
Phosphorous
(P)
occurs
as
the
orthophosphate
anion
p04
be incorporated into an organic species — organic P.
, which may exist in purely inorganic form
(H2P04‘ and HPO4")
or
Under certain
circumstances
inorganic phosphate
may
exist
as
a poly
- or condensed
phosphate.
A secondary distinction is made between particulate and
dissolved forms of P, the split conventionally being made at 0.45 micron
particle size.
In soils and waters,
N occurs
as the nitrate ion
(N03‘), the ammonium
ion (NH4+)
and in organic compounds
(amino N, hetercyclic N etc.).
Small amounts of nitrite
(NOZ‘)
may be present but the amount are
usually small compared to other forms.
All of these fonns may occur
in the dissolved and the particulate form, with
the conventional
distinction also being made at the 0.45 micron particle size.
Pesticides
Pesticides are widely used in the Great Lakes Basin today.
Overall, more
than half the harvested area for crop production has been treated with
pesticides.
Most pesticides
fall into three major categories:
insecticides,
herbicides
and
fungicides.
Herbicides
and insecticides
account
for most
of
the
pesticides
applied,
with
herbicides
being
the predominant
type.
 2.3
2.4
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Pesticides (Cont'd)
Mo
st
pe
st
ic
id
es
ar
e
po
te
nt
ia
l
po
ll
ut
an
ts
to
th
e
aq
ua
ti
c
en
vi
ro
nm
en
ts
.
Th
e
am
Ou
nt
an
d
na
tu
re
of
pe
st
ic
id
es
re
ac
hi
ng
th
e
Gr
ea
t
La
ke
s
is
pr
im
ar
il
y
a
fu
nc
ti
on
of
th
e
pe
rs
is
te
nc
e
of
th
e
co
mp
ou
nd
s
us
ed
,
in
te
ns
it
y
an
d
le
ng
th
s
of
ti
me
pe
st
ic
id
es
ha
ve
be
en
ap
pl
ie
d
an
d
th
e
ap
pl
ic
ab
le
tr
an
sp
or
t
me
ch
an
is
ms
.
Th
e
us
e
of
or
ga
no
ph
os
ph
at
e
an
d
ca
rb
am
at
e
in
se
ct
ic
id
es
ha
s
in
cr
ea
se
d
be
ca
us
e
of
th
e
ne
ed
to
re
pl
ac
e
th
e
ma
jo
ri
ty
of
th
e
pe
rs
is
te
nt
organochlorine insecticides.
Re
si
du
es
of
pe
st
ic
id
es
,
or
th
ei
r
me
ta
bo
li
te
s,
ma
y
fi
nd
th
ei
r
wa
y
to
th
e
aq
ua
ti
c
en
vi
ro
nm
en
ts
th
ro
ug
h
th
e
at
mo
sp
he
re
,
le
ac
hi
ng
to
gr
ou
nd
wa
te
r
an
d
vi
a
ru
no
ff
.
Th
e
ma
jo
r
ro
ut
e
of
pe
st
ic
id
es
to
th
e
wa
te
rw
ay
s
is
vi
a
er
os
io
n.
Be
ca
us
e
of
th
e
ti
gh
t
bi
nd
in
g
ch
ar
ac
te
ri
st
ic
s
of
ma
ny
pe
st
ic
id
e
re
si
du
es
to
so
il
pa
rt
ic
le
s,
it
is
su
gg
es
te
d
th
at
,
in
ge
ne
ra
l,
po
ll
ut
io
n
of
wa
te
rs
by
pe
st
ic
id
es
oc
cu
rs
th
ro
ug
h
th
e
tr
an
sp
or
t
of
so
il
pa
rt
ic
le
s
to
wh
ic
h
th
e
re
si
du
es
ar
e
at
ta
ch
ed
.
Su
sp
en
de
d
pl
an
t
ma
te
ri
al
or
le
ac
hi
ng
of
cr
op
re
si
du
es
ar
e
al
so
pe
st
ic
id
e
tr
an
sp
or
t
me
ch
an
is
ms
,
bu
t
le
ss
do
mi
na
nt
th
an
th
e
mo
ve
me
nt
vi
a
so
il
er
os
io
n
an
d
se
di
me
nt
tr
an
sp
or
t.
Chemicals
Th
e
cl
as
s
of
po
ll
ut
an
ts
de
si
gn
at
ed
"c
he
mi
ca
ls
"
re
fe
rs
to
th
e
re
ma
in
de
r
of
th
e
ch
em
ic
al
su
bs
ta
nc
es
no
t
in
cl
ud
ed
in
th
e
nu
tr
ie
nt
or
pe
st
ic
id
e
ca
te
go
ry
,
wh
ic
h
en
te
r
th
e
aq
ua
ti
c
en
vi
ro
nm
en
t
an
d
ca
n
ca
us
e
po
te
nt
ia
l
pro
ble
ms.
Inc
lud
ed
in
thi
s
cat
ego
ry,
but
not
lim
ite
d
to,
are
the
fo
ll
ow
in
g:
De
ic
in
g
sa
lt
s,
mo
to
r
ve
hi
cl
e
wa
st
es
,
la
nd
fi
ll
le
ac
ha
te
s,
br
in
es
,
hea
vy
met
al
com
pou
nds
,
liq
uid
ind
ust
ria
l
was
tes
,
pol
ych
lor
ina
ted
bi—
phe
nol
s
and
oth
ers
rel
eas
ed
as
sta
ck
emi
ssi
ons
tha
t s
ett
le
on
the
lan
d s
urf
ace
for washoff during storm events.
Che
mic
al
con
tam
ina
nts
fro
m t
he
lan
d s
urf
ace
are
was
hed
int
o n
ear
by
rec
eiv
ing
wat
ers
wit
h t
he
sur
fac
e r
uno
ff
gen
era
ted
by
pre
cip
ita
tio
n.
Sev
era
l m
ech
ani
sms
ope
rat
e t
o r
emo
ve
the
pol
lut
ant
s f
rom
the
sur
fac
e.
The
impa
ct o
f ra
indr
ops,
the
emul
sify
ing
acti
on o
f th
e ti
res
on r
oadw
ays
and
she
et
flo
w a
ct
to
pro
vid
e g
ood
min
ing
and
a c
ont
inu
ous
rep
len
ish
men
t o
f
wat
er
to
hel
p d
iss
olv
e s
olu
ble
che
mic
als
;
whi
le
the
y a
lso
hel
p d
isl
odg
e
part
icul
ates
from
the
surf
ace
and
carr
y th
em o
ff a
s su
spen
ded
mate
rial
.
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THE SOURCES OF THE POLLUTANTS
 
Pollutants of a nonpoint source nature are contributed to the environment
by a host of natural processes but are most affected by man's activities.
The Reference Group on Pollution from Land Use Activities has developed
a grouping of activities into eleven land use categories,
namely; Urban,
Agricultural, Recreation, Forestry, Extraction, Transportation, Liquid
Waste Disposal, Deep Well Disposal, Solid Waste Disposal, Lakeshore
and Riverbank Erosion, and Shoreline Landfilling.
It is to these
categories of land use that the search for remedial measures for the
control of nonpoint source water pollution has been addressed.
Urban
The urban land use is perhaps the most complex land use with regard to the
Although
all are interrelated to some degree, the pollutant sources can be
1
sources and transport mechanisms of nonpoint source pollutants.
described by four general groupings; urban wash off, combined sewer
overflow, hydrologic modification, and seepage to groundwater.
Within the context of the urban land use there are innumerable. contributors
of contaminants which, in turn, are washed off the urban surfaces and
into the aquatic environment. These contributors include particulate
emissions from industry, automobile residues and emissions, litter,
leaves and garden waste, animal excreta, pesticides, deicing compounds,
dust, etc. These substances contain contaminants which are not normally
naturally found in surface runoff, or in such significant quantities,
as are introducted to the land surface by urban use.
The next group of urban nonpoint source pollution is from the overflow of
combined sewers which not only discharges the contaminants listed above
from washoff to the storm drains, but also introduces sanitary wastes
directly to the watercourse with resultant nutrient, organic and
bacterial significance.
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Forestry (Silviculture)
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Pollutants from these activities include suspended solids or sediments,
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Transporation
Land use activities related to transportation include highways and roads,
railroads, airports, and pipeline and utility corridors. Runoff from
the surfaces of these facilities during their construction, operation
and maintenance carries many different pollutants to the aquatic
environment.
Sediments from soils eroded during site clearing and construction along
rights—of—way; pesticides; salts used as deicing chemicals; oils, heavy
metals and other waste productions from vehicle emissions and highway
operations; and roadside littering and spilled materials contribute
to the types of pollutants from transportation.
Factors influencing the generation of such pollutants include intensity
of use and maintenance activity, soil type, precipitation, pesticides
used, climate,amounts of deicing compounds needed, etc.
Liquid Waste Disposal
 
Use of land for the disposal of liquid wastes includes such activities as
the disposal of municipal sewage effluents and sludges, industrial
liquid wastes, and runoff from livestock confinement areas. While
industrial liquid wastes are seldom beneficial to the land, there
are several benefits to be derived from the recycling of municipal
sewage effluents and sludges and runoff from livestock confinement areas.
Utilization of these latter two types of liquid wastes is usually because
of its nutrient and soil conditioning value. Pollutants associated
with these activities are nutrients, organic materials, heavy metals,
chemicals, some sediments, and pathogenic bacteria and viruses.
Factors influencing the release of the above pollutants through either
surface or subsurface drainage relate to soils and hydrogeology, application
rates and methods, topography, cropping practices, precipitation, control
of operations, and migration of pollutants through aerosol production
and wind drift.
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Solid Waste Disposal (Landfills)
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through the landfill and subsequently infiltrating to the groundwater
regime; groundwater flowing through landfills; and gases from landfills
dissolving in groundwater. Air can act as a transport mechanism by
carrying decomposition gases and particulate matter for dissolution or
suspension in surface waters.
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Solid Waste Disposal (Landfills) (Cont'd)
 
Factors affecting the movement of contaminants from landfills include
hydrogeology, precipitation, construction of the landfill, contaminants
migrating and attenuative capacity of the soils prior to surface discharge
of the contaminated groundwater.
Lakeshore and Riverbank Erosion
The nonpoint source pollution associated with Lakeshore and Riverbank
Erosion relates to the erosional activity as a result of wave action
and flow velocities. The generation of sediments is the primary
contaminant associated with these areas. Factors influencing the
release of pollutants from shorelines and streambanks include soil
types, wave action, flow velocities, steepness of banks, precipitation,
vegetative cover, adjacent land uses, seepage and overland flow.
Shoreline Landfilling
Landfilling of the shoreline to extend the dryland areas, and the
dredging of bottom deposits and their disposal, are the two activities
associated with this land use category. Sediment is the dominant
pollutant released to the aquatic environment by these activities,
although some landfill materials and bottom deposits may contain
other contaminants which could be significant.
Although open—water or adjacent—to—water disposal of fill or dredged
materials is a well established procedure, the aggregate effect of
this activity together with the waste disposal practices of lakeside
communities is being viewed with concern that the benefits from
expensive remedial measures to control some practices are not
jeopardized by shortcomings in others. This is certainly the case
in open—water dredged material disposal, where both nutrients and toxic
substances may be redistributed to adversely affect some viable water uses.
Factors influencing the release of sediments and other contaminants during
these activities include fill or spoil material characteristics, landfilling
or dredging techniques, containment measures around filling operations or
spoil disposal areas, precipitation, wave action and current velocities. etc.
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Overview (Cont'd)
In addition to the structural and non—structural distinction between
remedial measures is the aspect of source control versus treatment of
pollutants already in the transport system. It is generally recognized
that prevention measures to abate the generation of contaminants before
they become mobile, is a preferable approach. Source control techniques
themselves may not be adequate to achieve sufficiently the desired
water quality criteria and hence treatment of the waste stream may
sometimes be necessary in tandem with source controls. In some circumstances
it may be more cost effective to concentrate the remedial efforts
primarily on in-transit pollutants. Both types of control measures
have been included in the catalogue section of this study.
Use of the Matrix and Catalogue Entries
 
This study has considered eleven catagories of land use activities and four
groups of pollutants. A matrix has been designed to act as an index and
to correlate the remedial measures to the land use activities and pollutants
to which its application serves benefit. The matrix was also organized
so that a reader not having previous knowledge as to the name or nature
of the remedial techniques might access the matrix, follow down the
subject land use activity and have all applicable remedial measures for
various pollutants identified.
The user would then select the titles of the remedial measures which address
both the subject land use activity and pollutant the user is wanting to
control and view the catalogue pages identified.
The catalogue page identifies the remedial measure, applicable land use and
pollutants controlled by the measure, and gives a description of the
design, configuration, practice or materials. The description also
suggests efficiencieswhere applicable and suggestions for design
considerations, in some cases. Advantages and disadvantages are listed
and capital, operating and maintenance costs, or cost implications
are identified where applicable. Costs (in U.S. dollars) have been
indexed to June 1976 and can be related to an Engineering News Record
(BNR) Construction Cost Index of 2533.
Comment is also made with regard
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ANALYTICAL EVALUATION TECHNIQUES
 
General
The solution of a non-point source water pollution problem, if viewed in
a systems analysis approach, requires the methodical consideration of
all aspects of the problem, all alternative methods of solving the
problem, and the evaluation of alternatives to identify the most cost-
effective solution or otherwise most appropriate course of action to
follow. Extensive research in recent years has addressed the definition
and quantification of non—point sources of water pollution. Several
predictive techniques and procedures for analytically calibrating these
predictive techniques have been developed and these techniques
are sometimes compatible with use to evaluate proposed remedial measures.
This study has included a cataloging of technical remedial measures which
form a large portion of the alternative methods available to solve non-
point source water pollution problems. In this chapter of the study
discussion is given on the existance, usefulness, and description of
many of the currently available analytical techniques used to evaluate
the application of specific remedial methods in a given problem situation.
The indirect nature of the way in which these analytical evaluation
techniques are capable of considering the effects resulting from the use
of various remedial measures is discussed in detail in latter sections.
However, due to this indirect method of predicting resultant pollutant
loads, most of these techniques are capable of being used equally well
for evaluating the effects of land use planning and regulatory control
decisions for a particular watershed. It should therefore be emphasized
that although this following discussion on analytical evaluation
techniques has been undertaken in conjunction with a cataloging of
technical remedial measures, these techniques are equally applicable
to the evaluation of the effect of non technical watershed management,
land use planning, or regulatory control decisions.
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be adjusted to more closely simulate measured data for a particular
watershed. The Storm Water Management Model (SWMM) and the Hydrocomp
Simulation Program (HSP) are examples of direct dynamic simulation
models which can be calibrated to yield reliable results.
Evaluation of Specific Remedial Measures
Techniques for the prediction or evaluation of non—point source pollution
are, in the main, just transgressing beyond the developmental stage
into the age of application. With the exception of the Universal Soil
Loss Equation, which has been in common use for many years, the evaluative
techniques have only recently been fully tested and documented to the
point where practitioners in the field of non-point source pollution,
engineers and planners, are adopting the techniques for use in the
prediction of pollutant loadings. Each of the evaluation techniques
requires input data upon which the function or model makes its prediction.
Remedial or control measures influence the prediction made by the
evaluation techniqueby varying one of the source characteristics,
or by causing an effect on the transport processes. For example, since
most techniques predict sediment washoff, which is influenced by such
factors as precipitation energy, soil erodability, topography,
vegetative cover, etc. any remedial measure which modified one or more
of these factors will cause a resultant change in the prediction of
sediment yield. A difficulty arises, however, in that the magnitude
of the modification of the characteristic, is not sufficiently
researched or documented for direct use of many soil conservation and
land management practices, most source control remedial measures are not
well documented for pollutant control efficiencies. It is therefore
necessary for most techniques to possess parameters which will vary
within a finite range according to the combined influence ofthe local
conditions and any superimposed remedial measure. The input characteristics
are then adjusted according to the users judgement as to the relative
influence of the remedial measure under consideration. For example, if
 5.
3
Ev
al
ua
ti
on
of
Sp
ec
if
ic
Re
me
di
al
Me
as
ur
es
(C
on
t'
d)
 
th
e
us
e
of
so
il
in
co
rp
or
at
io
n
of
se
wa
ge
sl
ud
ge
is
un
de
r
co
ns
id
er
at
io
n,
an
d
th
e
se
di
me
nt
co
nt
ri
bu
ti
on
to
th
e
wa
te
rc
ou
rs
e
is
un
de
r
st
ud
y,
th
e
us
er
wo
ul
d
va
ry
th
e
in
pu
t
to
th
e
si
mu
la
ti
on
mo
de
l
to
re
fl
ec
t
th
e
in
cr
ea
se
d
ro
ug
hn
es
s
of
th
e
so
il
,
th
e
in
cr
ea
se
to
th
e
wa
te
r
ba
la
nc
e,
th
e
ef
fe
ct
of
th
e
nu
tr
ie
nt
va
lu
e
of
th
e
sl
ud
ge
to
ve
ge
ta
ti
ve
co
ve
r,
th
e
so
il
co
nd
it
io
ni
ng
ef
fe
ct
on
in
fi
lt
ra
ti
on
an
d
ve
ge
ta
ti
ve
co
ve
r
et
c.
Th
e
gr
ou
p
of
re
me
di
al
me
as
ur
es
wh
ic
h
in
fl
ue
nc
e
th
e
po
ll
ut
an
t
tr
an
sp
or
t
pr
oc
es
se
s
ha
ve
be
en
qu
an
ti
fi
ed
in
th
ei
r
po
ll
ut
an
t
co
nt
ro
l
ef
fi
ci
en
cy
mo
re
fu
ll
y.
Th
is
is
pr
im
ar
il
y
du
e
to
th
e
fa
ct
th
at
si
nc
e
wa
te
r
is
th
e
tr
an
Sp
or
t
me
di
um
th
er
e
ar
e
on
ly
a
sm
al
l
nu
mb
er
of
ph
ys
ic
al
pr
oc
es
se
s
wh
ic
h
ar
e
in
vo
lv
ed
,
i.
e.
se
di
me
nt
at
io
n,
fl
oc
cu
la
ti
on
an
d
pr
ec
ip
it
at
io
n,
pl
us
th
e
ch
em
ic
al
an
d
bi
ol
og
ic
al
re
ac
ti
on
s
wh
ic
h
ta
ke
pl
ac
e
in
mo
re
co
nt
ro
ll
ab
le
or
we
ll
de
fi
ne
d
co
nd
it
io
ns
.
Re
me
di
al
te
ch
nq
iu
es
su
ch
as
se
di
me
nt
at
io
n
po
nd
s,
gr
it
ch
am
be
rs
,
st
or
ag
e
tr
ea
me
nt
la
go
on
s,
ca
n
ha
ve
th
ei
r
se
di
me
nt
re
du
ct
io
n
in
fl
ue
nc
e
ev
al
ua
te
d
ei
th
er
in
is
ol
at
io
n
or
by
th
e
us
e
of
a
we
ll
de
ve
lo
pe
d
eq
ua
ti
on
su
ch
as
St
ok
es
La
w
fo
r
th
e
se
tt
li
ng
ve
lo
ci
ty
of
pa
rt
ic
le
s
in
fl
ui
ds
.
Su
ch
an
eq
ua
ti
on
or
it
s
re
su
lt
s
ca
n
be
st
or
ed
as
pa
rt
of
a
si
mu
la
ti
on
mo
de
l
to
id
en
ti
fy
th
e
ef
fe
ct
dy
na
mi
ca
ll
y.
So
me
no
n—
po
in
t
so
ur
ce
s
ar
e
no
t
am
en
ab
le
to
ev
al
ua
ti
on
by
lo
ad
in
g
fu
nc
ti
on
s,
fo
r
on
e
or
mo
re
re
as
on
s:
(1)
th
e
so
ur
ce
ma
y
be
so
ir
re
gu
la
r
in
oc
cu
re
nc
e
th
at
it
ca
n
on
ly
be
de
sc
ri
be
d
by
lo
ca
l
pe
rs
on
ne
l;
(2)
da
ta
on
loa
ds
may
be
lac
kin
g;
and
(3)
the
sou
rce
its
elf
can
not
be
des
cri
bed
in
ter
ms
whi
ch
can
be
tra
nsl
ate
d
int
o
rat
es
of
pol
lut
ant
emi
ssi
on.
A
lis
t
of
sou
rce
s
and
pol
lut
ant
s
whi
ch
fal
l
in
thi
s
lat
ter
cat
ego
ry
fol
low
s:
Roadside erosion
Gully erosion
Landslide, creep
Streambank erosion
Improper manure spreading or dumping
Bac
ter
ia
fro
m n
onu
rba
n
are
as,
exc
ept
fee
dlo
ts
Dir
ect
dep
osi
tio
n o
f v
ege
tat
ion
in
sur
faC
e
wat
ers
;
lea
f
fal
l,
win
d
blo
wn
organic matter
5.3
  
Evaluation of Specific Remedial Measures (Cont'd)
 
Floodwater transport of floodplain debris
Floodwater scouring of floodplains
Salt leakage from oil fields
Drainage—borne pollutants: forests, wetlands, agricultural lands
Nutrients in irrigation return flow
Groundwater contamination with nitrates, metals, bacteria, pesticides
Direct deposition of fertilizers and pesticides in surface waters
Improper disposal of construction and demolition debris
Nonregulated, unauthorized dumping of domestic and industrial wastes
Discussion of Techniques
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the
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5.4.1
TECHNIQUE: Agricultural Runoff Management (ARM) Model
DEVELOPED BY: Hydrocomp Inc., Palo Alto, California
PUR
POS
E/F
UNC
TIO
N:
To
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ula
te
run
off
, s
now
acc
umu
lat
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, a
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sno
wme
lt,
soi
l l
oss,
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tic
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—so
il
int
era
cti
ons
, a
nd
soi
l n
utr
ien
t t
ran
sfo
rma
tio
ns
on small agricultural watersheds (less than 500 hectares).
DES
CRI
PTI
ON
OF
TEC
HNI
QUE
:
The
ARM
Mod
el
sim
ula
tes
run
off
, s
now
mel
t,
sed
ime
nt,
 
pes
tic
ide
s a
nd
nut
rie
nt
con
tri
but
ion
s t
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tre
am
cha
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m b
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—su
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sou
rce
s.
No
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pro
ced
ure
s a
re
inc
lud
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t c
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Alt
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eds
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r t
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to
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ng
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upp
er
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of
the
app
lic
abi
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y
of
the
ARM
Mod
el.
Cha
nne
l r
out
ing
pro
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ses
wil
l s
ign
ifi
can
tly
aff
ect
the
water quality resulting from larger watersheds.
The
mat
hem
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hyd
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was
ori
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y d
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Wat
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Inc
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c p
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Mod
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and
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: T
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and
Run
off
Mod
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(PT
R).
Bot
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ARM
and
PTR
Mod
els
inc
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e c
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var
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agr
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ral
che
mic
al
con
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the
lan
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urf
ace
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IMU
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:
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ARM
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k d
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Uni
ver
sit
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Alt
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ev
sim
ula
ted
the
ent
ire
spe
ctr
um
of
the
ero
sio
n p
roc
ess
,
onl
y s
hee
t a
nd
ril
l e
ros
ion
wer
e i
ncl
ude
d i
n t
he
ARM
Mod
el
sin
ce
gul
ly
eros
ion
was
not
sign
ific
ant
on t
he s
mall
test
wate
rshe
ds u
sed.
The
comp
onen
t pr
oces
ses
of s
heet
and
rill
eros
ion
pert
ain
to
(19
deta
chme
nt
of s
oil
fine
s-si
lt a
nd c
lay
frac
tion
s,
and
(2)
pick
up a
nd t
rans
port
of
soil
fine
s by
over
land
flow
.
Thes
e me
chan
isms
are
repr
esen
ted
in t
he A
RM
Model by the following algorithms:
 5.4.1 (Cont'd)
Soil Fines Detachment:
RE
R(
t)
=
(l
-C
ov
er
(T
)
)
*
KR
ER
*
PR
[t
)J
RE
R
Soil Fines Transport:
JSER
SER(t) = KSER * SRER (t) OVQ(t)
ERSN(t) = SER(t) * F
Wh
er
e
RE
R(
t)
=
so
il
fi
ne
s
de
ta
ch
ed
du
ri
ng
ti
me
in
te
rv
al
t,
to
nn
es
/h
a.
CO
VE
R(
t)
=
fr
ac
ti
on
of
ve
ge
ta
l
co
ve
r
as
a
fu
nc
ti
on
of
ti
me
,
T,
wi
th
in
the growing season
KR
ER
=
de
ta
ch
me
nt
co
ef
fi
ci
en
t
fo
r
so
il
pr
op
er
ti
es
PR
(t
)
=
pr
ec
ip
it
at
io
n
du
ri
ng
th
e
ti
me
in
te
rv
al
,
MM
JRER = exponent for soil detachment
SE
R(
t)
=
tr
an
sp
or
t
of
fi
ne
s
by
ov
er
la
nd
fl
ow,
to
nn
es
/h
a
JS
ER
=
ex
po
ne
nt
fo
r
fi
ne
s
tr
an
sp
or
t
by
ov
er
la
nd
fl
ow
KSER = coefficient of transport
SRE
R(t
)
= r
ese
rvo
ir
of
soi
l
fin
es
at
the
beg
inn
ing
of
the
tim
e
int
erv
al
t, tonnes/ha
OVQ
(t)
=
ove
rla
nd
flo
w o
ccu
rri
ngd
uri
ng
the
tim
e
int
erv
al
(t)
,
MM
F
= f
rac
tio
n
of
ove
rla
nd
flo
w
rea
chi
ng
the
str
eam
dur
ing
the
time interval, t
ERS
N(t
)
= s
edi
men
t
los
s t
o
the
str
eam
dur
ing
the
tim
e
int
erv
al,
t,
ton
nes
/
ha
PES
TIC
IDE
ADS
ORP
TIO
N/D
ESO
RPT
ION
SIM
ULA
TIO
N:
Onc
e
the
hyd
rol
ogy
and
sed
ime
nt
pro
duc
tio
n
of
a w
ate
rsh
ed
has
bee
n
sim
ula
ted
,
the
pro
ces
s
of
pes
tic
ide
ads
orp
tio
n/
des
orp
tio
n
is
a m
ajo
r
det
erm
ina
nt
of
the
amo
unt
of
pes
tic
ide
los
s
whi
ch
wil
l
occ
ur.
Thi
s
pro
ces
s
est
abl
ish
ed
the
div
isi
on
of
ava
ila
ble
pes
tic
ide
bet
wee
n
the
wat
er
and
sed
ime
nt
pha
ses
,
and
thu
s
spe
cif
ied
the
amo
unt
of
pes
tic
ide
tra
nsp
ort
ed
in
sol
uti
on
and
on
sed
ime
nt.
The
alg
ori
thm
emp
loy
ed
to
sim
ula
te
this process is as follows:
X/M =KC(1/N) + F/M
Where X/M pesticide adsorbed per unit soil, micrograms/grams
F/M ” pesticide adsorbed in permanent fixed state per unit soil,
F/M is less than or equal to FP/M when FP/M is the permanent
fixed capacity of the soil in micrograms/gramsfor pesticide.
= equilibrium pesticide concentration in solution
= exponent
= coefficient
’4
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 5.4.1 (Cont'd)
 
NUT
RIE
NT
SIM
ULA
TIO
N:
In
the
ARM
Mod
el,
as
a
fir
st
ord
er
app
rox
ima
tio
n,
all
che
mic
al
and
bio
log
ica
l
rea
cti
ons
are
rep
res
net
ed
by
fir
st
ord
er
kin
eti
cs.
The
rat
e
of
a
fir
st
ord
er
rea
cti
on
is
pro
por
tio
nal
to
the
amo
unt
of
the
re
ac
ta
nt
;
th
e
pr
op
or
ti
on
al
it
y
fa
ct
or
is
th
e
ra
te
co
ns
ta
nt
.
Mo
de
ll
in
g
of
ads
orp
tio
n—d
eso
rpt
ion
che
mic
al
rea
cti
ons
pro
duc
es
a
lin
ear
rel
ati
ons
hip
bet
wee
n
ads
orb
ed
and
dis
sol
ved
com
pou
nds
at
equ
ili
bri
um.
Thi
s
rep
res
ent
ati
on
is
a s
imp
lif
ica
tio
n o
f
the
equ
ili
bri
um
rel
ati
ons
hip
s
def
ine
d b
y m
ore
com
ple
x
met
hod
s.
Che
mic
al
and
bio
log
ica
l
rea
cti
ons
are
als
o
cor
rec
ted
for
tem
per
atu
re.
DATA REQUIREMENTS:
Impervious Area Fraction
Interception storage parameter
Soil moisture storage parameters
Index to actual evaporation
Ground water loss and percolation
parameters
Infiltration characteristics
Interflow characteristics
Length of overland flow plane
Average overland flow slope
Mannings "n" for overland flow
Interflow and groundwater recession
Nutrient concentrations
Temperatures
Mineralization rates
Chemical reaction rates
Depth of soil incorporation
Fraction of land cover on a monthly basis
Time when soil is tilled
Fine deposits produced by tillage
Exponent of rainfall intensity
Coefficient of soil splash equation
Initial soil fines deposit
Pesticide application method
Time of pesticide application
Year of pesticide application
Maximum solubility of pesticide in water
Permanent fixed pesticides adsorption
capacity of soil
Coefficient and exponents for
Freundlich Equation
Depth of surface zone
Bulk density of soil
First order pesticide degradation rate
OUT
PUT
ACC
URA
CY
AND
SEN
SIT
IVI
TY:
The
mod
el
was
dev
elo
ped
for
and
cal
ibr
ate
d
 
for
the
Sou
th
Pie
dmo
nt
reg
ion
of
the
Uni
ted
Sta
tes
.
Use
in
the
Gre
at
Lak
es
Reg
ion
wou
ld
req
uir
e r
eca
lib
rat
ion
of
the
mod
el.
In
gen
era
l t
he
res
ult
s
ind
ica
te
tha
t t
he
mos
t s
ens
iti
ve
par
ame
ter
s a
re
rel
ate
d t
o s
oil
moi
stu
re
and
inf
ilt
rat
ion
, l
and
sur
fac
e,
sed
ime
nt
tra
nsp
ort
, p
est
ici
de-
soi
l i
nte
rac
tio
ns
and pesticide degradation.
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5.4.1 (Cont'd)
C
O
S
T
I
M
P
L
I
C
A
T
I
O
N
S
:
E
x
t
e
n
s
i
v
e
d
a
t
a
b
a
s
e
r
e
q
u
i
r
e
d
t
o
a
l
l
o
w
r
e
a
l
t
i
m
e
s
i
m
u
l
a
t
i
o
n
o
f
r
u
n
o
f
f
q
u
a
n
t
i
t
y
a
n
d
q
u
a
l
i
t
y
f
r
o
m
a
g
r
i
c
u
l
t
u
r
a
l
l
a
n
d
s
.
D
e
t
a
i
l
e
d
s
o
i
l
s
i
n
f
o
r
m
a
t
i
o
n
a
n
d
c
h
e
m
i
c
a
l
a
n
a
l
y
s
e
s
a
r
e
r
e
q
u
i
r
e
d
.
O
p
e
r
a
t
i
o
n
o
f
c
o
m
p
u
t
e
r
m
o
d
e
l
i
s
o
n
l
y
s
m
a
l
l
a
m
o
u
n
t
(
$
2
0
.
t
o
$
5
0
.
p
e
r
r
u
n
)
c
o
m
p
a
r
e
d
t
o
t
h
e
d
a
t
a
g
a
t
h
e
r
i
n
g
c
o
s
t
s
.
U
n
c
a
l
i
b
r
a
t
e
d
m
o
d
e
l
l
i
n
g
t
o
c
o
m
p
a
r
e
r
e
l
a
t
i
v
e
e
f
f
e
c
t
s
o
f
a
g
r
i
c
u
l
t
u
r
a
l
a
n
d
c
o
n
s
e
r
v
a
t
i
o
n
p
r
o
c
e
s
s
e
s
a
p
p
e
a
r
s
f
e
a
s
i
b
l
e
f
o
r
r
e
a
s
o
n
a
b
l
e
c
o
s
t
.
P
R
E
V
I
O
U
S
E
X
P
E
R
I
E
N
C
E
:
M
o
d
e
l
t
e
s
t
i
n
g
f
o
r
s
e
d
i
m
e
n
t
p
e
s
t
i
c
i
d
e
l
o
s
s
h
a
s
b
e
e
n
p
e
r
f
o
r
m
e
d
o
n
w
a
t
e
r
s
h
e
d
s
i
n
t
h
e
s
o
u
t
h
e
r
n
P
i
e
d
m
o
n
t
a
n
d
G
r
e
a
t
L
a
k
e
s
R
e
g
i
o
n
s
.
A
P
P
L
I
C
A
B
L
E
R
E
M
E
D
I
A
L
M
E
A
S
U
R
E
S
E
V
A
L
U
A
T
E
D
:
2
4
,
2
5
,
2
6
,
2
7
,
2
8
,
2
9
,
3
0
,
3
1
,
3
2
,
3
3
,
3
4
,
3
5
,
36,37,38,39,62
S
O
U
R
C
E
O
F
I
N
F
O
R
M
A
T
I
O
N
:
15
8
  
5.4.2
TECHNIQUE: Feedlot Runoff Model
DEVELOPED BY: Kansas State University
PURPOSE/FUNCTION: To evaluate the performance of feedlotrunoff control
facilities on a site specific basis by computer simulation.
DESCRIPTION OF TECHNIQUE: This is a continuous model with the capability of
 
eva
lua
tin
g t
he
imp
act
of
chr
oni
c w
et
wea
the
r e
ven
ts.
The
sim
ula
tio
n c
ons
ist
s
of
thr
ee
com
pon
ent
s.
The
fir
st
com
pon
ent
is
a m
ode
l t
o g
ene
rat
e r
uno
ff
fro
m
the
feed
lot
surf
aces
.
The
seco
nd i
s a
wast
ewat
er
(run
off)
stor
age
faci
lity
mode
l th
at a
ccou
nts
for
pond
leve
l fl
uctu
atio
ns
in r
espo
nse
to f
eedl
ot
runo
ff i
nput
s,
evap
orat
ion
and
irri
gati
on d
ispo
sal
outp
uts.
The
thir
d is
a so
il m
oist
ure
acco
unti
ng m
odel
that
enab
les
the
moni
tori
ng
of c
ondi
tion
s
and the testing of alternatives in an irrigation disposal area. In
synt
hesi
zing
the
mode
l, e
mpha
sis
was
plac
ed u
pon
sele
ctio
n of
phys
ical
ly
meaningful parameters which attempt to minimize inputs required. The
resu
lt i
s a
mode
l in
whic
h th
e co
nsta
nts
and
coef
fici
ents
in a
ny f
unct
ion
coul
d be
sele
cted
from
exis
ting
data
for
any
geog
raph
ic a
nd c
lima
tic
area
.
DATA REQUIREMENTS:
Precipitation Evapotranspiration rates
Atm
osp
her
ic
con
dit
ion
s
Veg
eta
tiv
e c
ove
r
SCS
run
off
cur
ve
num
ber
Soi
l t
ype
s a
nd
dep
ths
Cri
ter
ia
for
dis
pos
al
Max
imu
m p
ump
ing
rat
es
Storage facility geometry
OUTPUT ACCURACY AND SENSITIVITY: not available
COS
T I
MPL
ICA
TIO
NS:
Mod
el
pri
mar
ily
uti
liz
es
exi
sti
ng
dat
a t
hat
is
rea
dil
y
avai
labl
e an
d it
can
be u
tili
zed
in a
ny l
ocat
ion
with
a mi
nimu
m ef
fort
expe
nded
to o
btai
n mo
del
soil
and
crop
cons
tant
s.
The
prog
ram
is w
ritt
en
in FORTRAN IV and requires a maximum core storage of 48k—bytes. Computer
charges vary relative to the system used but the cost of a 25-year daily
simulation should be about $6.00.
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5
.
4
.
2
(
C
o
n
t
'
d
)
PR
EV
IO
US
EX
PE
RI
EN
CE
:
Mo
de
l
is
c
a
l
i
b
r
a
t
e
d
a
n
d
t
e
s
t
e
d
fo
r
Ka
ns
as
co
nd
it
io
ns
b
ut
is
d
e
s
i
g
n
e
d
to
b
e
r
e
a
d
i
l
y
r
e
l
o
c
a
t
a
b
l
e
.
A
P
P
L
I
C
A
B
L
E
R
E
M
E
D
I
A
L
M
E
A
S
U
R
E
S
:
5
8
,
6
2
S
O
U
R
C
E
O
F
I
N
F
O
R
M
A
T
I
O
N
:
4
4
 
  
TECHNIQUE: Non—Point Source Pollutant Loading (NPS) Model
DEVELOPED BY: Hydrocomp Inc., Palo Alto, California
PURPOSE/FUNCTION: The NPS Model is comprised of sub-programs to represent the
hydrologic response of a watershed, including snow melt, and the processes
of pollutant accumulation, generation and washoff from the land surface.
DESCRIPTION OF TECHNIQUE: The Non—point Source Pollutant Loading (NPS) Model
 
is a continuous simulation model that represents the generation of non-point
source pollutants from the land surface. The model continuously simulates
hydrologic processes (surface and subsurface), snow accumulation and melt,
sediment generation, pollutant accumulation, and pollutant transport for
any selected period of record of input meteorologic data. The NPS Model
is called a "pollutant loading" model because it estimated the total
transport of pollutants from the land surface to a watercourse. It does not
simulate channel processes that occur after the pollutants are in the stream.
Thus, to simulate in-stream water quality in large watersheds, the NPS Model
must be interfaced with a stream simulation model that evaluates the impact
of channel processes. The model uses mathematical equations, or algorithms,
that represent the physical processes important to non-point source
pollution. Parameters within the equations allow the user to adjust the model
to a specific watershed. Thus, the NPS Model should be calibrated whenever
it is applied to a new watershed. Calibration is the process of adjusting
parameter values until a good agreement between simulated and observed data
is obtained. It allows the NPS MOdel to better represent the peculiar
characteristics of the watershed being simulated. Fortunately, most of the
NPS Model parameters are specified by physical watershed characteristics that
do not require calibration. However, the importance of calibration should not
be under estimated; it is a critical step in applying and using the NPS Model.
The NPS Model can simulate non—point pollution from a maximum of five different
land uses in a single simulation run. The water quality constituents simulated
include water temperature, dissolved oxygen (DO), sediment, and a maximum of
five user—specified constituents. All are considered to be conservative due to
the short resident time on the land surface that is characteristic of non-point
pollution.
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5.4.3 (Cont'd)
Po
ll
ut
an
t
ac
cu
mu
la
ti
on
an
d
re
mo
va
l
on
bo
th
pe
rv
io
us
an
d
im
pe
rv
io
us
ar
ea
s
is
si
mu
la
te
d
se
pa
ra
te
ly
fo
r
ea
ch
la
nd
us
e.
Th
e
mo
de
l
al
lo
ws
mo
nt
hl
y
va
ri
at
io
ns
in
la
nd
co
ve
r,
po
ll
ut
an
t
ac
cu
mu
la
ti
on
,
an
d
po
ll
ut
an
t
re
mo
va
l
to
pr
ov
id
e
th
e
fl
ex
ib
il
it
y
of
si
mu
la
ti
ng
se
as
on
al
ly
de
pe
nd
en
t
no
n—
po
in
t
po
ll
ut
io
n
pr
ob
le
ms
,
su
ch
as
co
ns
tr
uc
ti
on
,
wi
nt
er
st
re
et
sa
lt
in
g,
le
af
fa
ll
et
c.
Ou
tp
ut
fr
om
th
e
NP
S
Mo
de
l
is
av
ai
la
bl
e
in
va
ri
ou
s
fo
rm
s.
Du
ri
ng
st
or
m
ev
en
ts
fl
ow
,
wa
te
r
te
mp
er
at
ur
e,
di
ss
ol
ve
d
ox
yg
en
,
po
ll
ut
an
t
co
nc
en
tr
at
io
n,
an
d
po
ll
ut
an
t
ma
ss
re
mo
va
l
ar
e
pr
in
te
d
fo
r
ea
ch
15
—m
in
ut
e
in
te
rv
al
.
St
or
m
su
mm
ar
ie
s
ar
e
pr
ov
id
ed
at
th
e
en
d
of
ea
ch
ev
en
t,
an
d
mo
nt
hl
y,
ye
ar
ly
su
mm
ar
ie
s
ar
e
pr
in
te
d.
Th
e
ye
ar
ly
su
mm
ar
ie
s
in
cl
ud
e
th
er
ei
n,
ma
xi
mu
m,
mi
ni
mu
m
an
d
st
an
da
rd
de
vi
at
io
n
of
ea
ch
va
ri
ab
le
.
To
as
si
st
in
te
rf
ac
in
g
wi
th
ot
he
r
co
nt
in
uo
us
mo
de
ls
,
th
e
NP
S
Mo
de
l
in
cl
ud
es
th
e
op
ti
on
to
wr
it
e
th
e
15
-m
in
ut
e
ou
tp
ut
wi
th
ou
t
su
mm
ar
ie
s
to
a
se
pa
ra
te
fi
le
(o
r
ou
tp
ut
de
vi
ce
)
fo
r
la
te
r
input to the stream model.
DATA REQUIREMENTS:
In
te
rc
ep
ti
on
st
or
ag
e
pa
ra
me
te
r
Fr
ac
ti
on
la
nd
co
ve
r
of
pe
rv
io
us
su
rf
ac
es
.
.
on
a
mo
nt
hl
ba
si
s
SO
ll
mO
is
tu
re
st
or
ag
e
pa
ra
me
te
rs
y
by
zo
ne
Ex
po
ne
nt
s
of
ra
in
fa
ll
in
te
ns
it
y
So
il
di
st
ri
bu
ti
on
ty
pe
s
an
d
in
de
x
Co
ef
fi
ci
en
t
of
so
il
sp
la
sh
eq
ua
ti
on
ac
tu
a
ev
a
o
a
'o
n
r
ci
it
at
i
n
.
.
to
l
p
r
t1
p
e
p
O
Ov
er
la
nd
fl
ow
co
ef
fi
Ci
en
ts
an
d
Po
te
nt
ia
l
ev
ap
or
tr
an
sp
ir
at
io
n
ex
po
ne
nt
s
in
se
di
me
nt
wa
sh
of
f
uation for er i d
De
ep
gr
ou
nd
wa
te
r
re
ch
ar
ge
?q
.
p
V
Gu
s
an
1mperv1ous areas
In
fi
lt
ra
ti
on
ch
ar
ac
er
is
ti
cs
.
.
t
Se
di
me
nt
ac
cu
mu
la
ti
on
an
d
re
mo
va
l
ra
te
s
In
te
rf
lo
w
ch
ar
ac
te
ri
st
ic
s
on
a
da
il
y
ba
si
s
OU
TP
UT
AC
CU
RA
CY
AN
D
SE
NS
IT
IV
IT
Y:
Th
e
mo
de
l
ha
s
be
en
te
st
ed
on
3
ur
ba
n
 
wa
te
rs
he
ds
co
mp
ri
se
d
of
re
si
de
nt
ia
l,
co
mm
er
ci
al
,
in
du
st
ri
al
an
d
op
en
la
nd
.
Th
e
re
su
lt
s
in
di
ca
te
d
go
od
ag
re
em
en
t
be
tw
ee
n
re
co
rd
ed
an
d
si
mu
la
te
d
hy
dr
ol
og
y
an
d
po
ll
ut
an
t
wa
sh
of
f.
Hi
gh
ly
so
lu
bl
e
po
ll
ut
an
ts
ma
y
de
mo
ns
tr
at
e
si
gn
if
ic
an
t
de
vi
at
io
n
fr
om
th
e
si
mu
la
te
d
va
lu
es
.
Si
nc
e
th
e
NP
S
Mo
de
l
do
es
no
t
si
mu
la
te
ch
an
ne
l
pr
oc
es
se
s,
co
mp
ar
is
on
of
si
mu
la
te
d
an
d
re
co
rd
ed
va
lu
es
sh
ou
ldb
e
pe
rf
or
me
d
on
wa
te
rs
he
ds
gr
ea
te
r
th
an
25
0
to
50
0
he
ac
ta
re
s
in
or
de
r
to
av
oi
d
th
e
ef
fe
ct
s
of
ch
an
ne
l
pr
oc
es
se
s
on
th
e
re
co
rd
ed
fl
ow
an
d
wa
te
r
qu
al
it
y.
  
5.4.3 (Cont'd)
CO
ST
IM
PL
IC
AT
IO
NS
:
Th
e
NP
S
Mo
de
l
is
wr
it
te
n
in
IB
M
Fo
rt
ra
n
IV
an
d
ca
n
be
ru
n
on
IB
M
26
0,
Un
iv
ac
11
08
,
CD
C
60
00
an
d
Ho
ne
yw
el
l
Se
ri
es
32
co
mp
ut
er
sy
st
em
s.
Th
e
co
mp
ut
er
co
re
re
qu
ir
em
en
t
ra
ng
es
fr
om
12
5K
to
19
5K
by
te
s.
Ma
np
ow
er
re
qu
ir
em
en
ts
to
be
co
me
fa
mi
li
ar
wi
th
sy
st
em
,
co
ll
ec
t
an
d
an
al
ys
e
da
ta
,
pr
ep
ar
e
mo
de
l
in
pu
t,
ev
al
ua
te
pa
ra
me
te
rs
an
d
co
ef
fi
ci
en
ts
an
d
ca
li
br
at
e
th
e
mo
de
l
ar
e
in
th
e
or
de
r
of
6
to
8
ma
n
we
ek
s
pe
r
ye
ar
of
si
mu
la
ti
on
.
PR
EV
IO
US
EX
PE
RI
EN
CE
:
Mo
de
l
te
st
in
g
ha
s
be
en
ca
rr
ie
d
ou
t
in
Du
rh
am
,
No
rt
h
Ca
ro
li
na
;
Ma
di
so
n,
Wi
sc
on
si
n;
an
d
Se
at
tl
e,
Wa
sh
in
gt
on
.
Th
is
is
a
no
n
pr
op
ri
et
ar
y
mo
de
l
an
d
is
av
ai
la
bl
e
fr
om
th
e
U.
S.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Agency.
AP
PL
IC
AB
LE
RE
ME
DI
AL
ME
AS
UR
ES
:
Al
l
so
il
an
d
wa
te
r
co
ns
er
va
ti
on
te
ch
ni
qu
es
.
 
Do
es
no
t
ha
ve
pr
ov
is
io
ns
fo
r
ev
al
ua
ti
on
of
on
—s
tr
ea
m
tr
ea
tm
en
t
me
as
ur
es
.
SO
UR
CE
OF
IN
FO
RM
AT
IO
N:
25
5,
25
6
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5.4.4
TE
CH
NI
QU
E:
Un
iv
er
sa
l
So
il
Lo
ss
Eq
ua
ti
on
DE
VE
LO
PE
D
BY
:
Wi
sc
hm
ei
er
an
d
Sm
it
h
PU
RP
OS
E/
FU
NC
TI
ON
:
Th
e
Un
iv
er
sa
l
So
il
Lo
ss
Eq
ua
ti
on
pr
ed
ic
ts
so
il
lo
ss
as
a
fu
nc
ti
on
of
pr
ec
ip
it
at
io
n,
so
il
ch
ar
ac
te
ri
st
ic
s,
to
po
gr
ap
hy
,
cr
op
pi
ng
pr
ac
ti
ce
s
an
d
er
os
io
n
co
nt
ro
l
pr
ac
ti
ce
.
Th
e
mo
de
l
ca
n
be
us
ed
fo
r
se
di
me
nt
pr
ed
ic
ti
on
wh
en
re
li
ab
le
de
li
ve
ry
ra
ti
os
ar
e
ap
pl
ie
d
to
th
e
gr
os
s
po
te
nt
ia
l
soil loss.
DE
SC
RI
PT
IO
N
OF
TE
CH
NI
QU
E:
Th
e
Un
iv
er
sa
l
So
il
Lo
ss
Eq
ua
ti
on
is:
 
A = RKLSCP
wh
er
e
A
=
th
e
co
mp
ut
ed
an
nu
al
so
il
los
s
pe
r
un
it
are
a,
to
ns
pe
r
ac
re
R
= t
he
rai
nfa
ll
fac
tor
,
or
the
mem
ber
of
ero
sio
n
ind
ex
uni
ts
in
a n
orm
al
yea
rs
rai
n
(th
e e
ros
ion
ind
ex
is
a m
eas
ure
of
the
erosive force of specified rainfall)
= the soil erodability factor
= the slope length factor
the slope gradient factor
' = the cropping management factor
“
3
(
1
e
r
I
I
= the erosion control practice factor
The
sto
rm
soi
l
los
s
fro
m
cul
tiv
ate
d
fie
lds
has
bee
n
sho
wn
to
be
dir
ect
ly
pro
por
tio
nal
to
the
pro
duc
e
of
the
tot
al
kin
eti
c
ene
rgy
E o
f t
he
sto
rm
and
its
maxi
mum
30 m
inut
e i
nten
sity
I.
The
sum
of t
he c
ompu
ted
stor
m EI
va
lu
es
fo
r
a
gi
ve
n
ti
me
pe
ri
od
is
a
nu
me
ri
ca
l.
me
as
ur
e
of
th
e
er
od
ab
il
it
y
of
all
the
rai
nfa
ll
wit
hin
tha
t p
eri
od.
Thu
s t
he
R f
act
or
is
exp
res
sed
as
_ El
’ 100
R
whe
re
E i
s t
he
sto
rm
ene
rgy
in
lim
its
suc
h a
s K
g —
WM
3
and
I i
s t
he
max
imu
m
30
min
ute
ite
nsi
ty.
The
El
fac
tor
s h
ave
not
bee
n e
val
uat
ed
fro
m a
ctu
al
rain
fall
data
for
the
west
ern
regi
ons
of N
orth
Amer
ica.
Inte
rim
El a
nd R
data
have
been
deve
lope
d by
the
U.S.
Agri
cult
ural
Rese
arch
Stat
ion
for
use
in o
nly
non-
orog
raph
ic r
ainf
all
area
s wh
ere
rain
stor
ms o
f hi
gh e
nerg
y an
d
intensity are common.
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5.4.4
DE
SC
RI
PT
IO
N
OF
TE
CH
NI
QU
E
(C
on
t'
d)
 
Th
e
so
il
er
od
ab
il
it
y
fa
ct
or
K
de
fi
ne
s
th
e
in
he
re
nt
er
od
ab
il
it
y
of
th
e
so
il
.
St
an
da
rd
K
va
lu
es
we
re
de
ve
10
pe
d
fo
r
mo
st
so
il
ty
pe
s
by
th
e
U.
S.
So
il
Co
ns
er
va
ti
on
Se
rv
ic
e.
Se
ve
ra
l
fa
ct
or
s
in
fl
ue
nc
e
th
e
er
od
ab
il
it
y
of
co
he
si
ve
so
il
s
in
cl
ud
in
g
te
xt
ur
e,
so
il
st
ru
ct
ur
e,
th
ic
kn
es
s
an
d
pe
rm
ea
bi
li
ty
,
or
ga
ni
c
ma
tt
er
co
nt
en
t
an
d
na
tu
re
of
cl
ay
ma
te
ri
al
s.
Wi
sc
hm
ei
er
an
d
co
—
wo
rk
er
s,
in
19
71
,
de
ve
lo
pe
d
a
so
il
er
od
ab
il
it
y
no
mo
gr
ap
h
fo
r
es
ti
ma
ti
ng
th
e
K
fa
ct
or
if
fi
ve
so
il
pa
ra
me
te
rs
ar
e
kn
ow
n;
pe
rc
en
t
si
lt
,
pe
rc
en
t
sa
nd
,
or
ga
ni
c
ma
tt
er
co
nt
en
t
an
d
st
ru
ct
ur
e
an
d
pe
rm
ea
bi
li
ty
.
Th
e
so
il
lo
ss
is
af
fe
ct
ed
by
bo
th
le
ng
th
an
d
de
gr
ee
of
sl
op
e.
Fo
r
co
nv
en
ie
nc
e,
th
es
e
tw
o
fa
ct
or
s
ar
e
us
ua
ll
y
co
mb
in
ed
in
to
a
si
ng
le
to
po
gr
ap
hi
c
fa
ct
or
LS
.
Th
e
so
il
lo
ss
ra
ti
o
fr
om
an
y
gi
ve
n
sl
op
e
co
nd
it
io
ns
ca
n
be
re
ad
il
y
de
te
rm
in
ed
by
a
se
t
of
gr
ap
hs
de
ve
10
pe
d
by
th
e
U.
S.
Ag
ri
cu
lt
ur
al
Research Station.
Th
e
C
fa
ct
or
is
a
co
mp
le
x
fa
ct
or
to
ev
al
ua
te
be
ca
us
e
of
th
e
ma
ny
di
ff
er
en
t
cr
op
pi
ng
an
d
ma
na
ge
me
nt
co
mb
in
at
io
ns
in
a
gi
ve
n
ar
ea
.
Th
is
is
fu
rt
he
r
co
mp
li
ca
te
d
by
th
e
va
ri
ab
le
di
st
ri
bu
ti
on
of
ra
in
fa
ll
-e
ro
si
on
po
te
nt
ia
l
du
ri
ng
di
ff
er
en
t
pe
ri
od
s
of
cr
op
co
ve
r.
Fe
rt
il
iz
in
g,
mu
lc
hi
ng
,
cr
op
re
si
du
es
,
cr
op
se
qu
en
ce
an
d
ot
he
r
fa
ct
or
s
in
fl
ue
nc
e
th
e
ra
te
of
so
il
lo
ss
.
Th
e
C
fa
ct
or
s
ha
ve
be
en
de
ve
lo
pe
d
fo
r
a
nu
mb
er
of
cr
op
pi
ng
pr
ac
ti
ce
s
by
th
e
U.
S.
So
il
C
o
n
s
e
r
va
t
i
o
n
Se
rv
ic
e.
Th
e
P
fa
ct
or
fo
r
cr
op
la
nd
s
de
pe
nd
s
on
th
e
cr
op
pi
ng
pr
ac
ti
ce
s
su
ch
as
co
nt
ou
r
ti
ll
ag
e,
st
ri
pc
ro
pp
in
g
on
th
e
co
nt
ou
r,
an
d
st
ab
il
iz
ed
wa
te
rw
ay
s.
It
al
so
va
ri
es
wi
th
th
e
sl
op
e
of
th
e
la
nd
.
Th
e
Un
iv
er
sa
l
So
il
Lo
ss
Eq
ua
ti
on
wa
s
de
ve
lo
pe
d
pr
im
ar
il
y
fo
r
pr
ed
ic
ti
ng
so
il
lo
ss
on
cu
lt
iv
at
ed
la
nd
s
so
th
at
ad
eq
ua
te
so
il
an
d
wa
te
r
co
ns
er
va
ti
on
pr
ac
ti
ce
s
co
ul
d
be
id
en
ti
fi
ed
an
d
ev
al
ua
te
d.
Ex
te
ns
iv
e
re
se
ar
ch
ha
s
be
en
do
ne
to
ch
ar
ac
te
ri
ze
al
l
th
e
pa
ra
me
te
rs
fo
r
mo
st
so
il
,
cr
op
an
d
ra
in
fa
ll
co
nd
it
io
ns
in
No
rt
h
Am
er
ic
a.
Wh
il
e
a
nu
mb
er
of
er
os
io
n
co
nt
ro
l,
so
il
co
ns
er
va
ti
on
pr
ac
ti
ce
s
ha
ve
be
en
ch
ar
ac
te
ri
ze
d
fo
r
us
e
wi
th
th
is
eq
ua
ti
on
,
mo
re
re
se
ar
ch
is
ne
ed
ed
to
qu
al
if
y
ot
he
rs
.
Th
e
us
er
ho
we
ve
r,
ca
n
of
te
n
in
te
rp
ol
at
e
ma
ny
pr
ac
ti
ce
s
an
d
obtain reasonable answers.
 
 5.4.4 (Cont'd)
D
A
T
A
R
E
Q
U
I
R
E
M
E
N
T
S
:
Pr
ec
ip
it
at
io
n
da
ta
Le
ng
th
of
sl
op
es
So
il
pe
rm
ea
bi
li
ty
De
gr
ee
of
sl
op
e
Or
ga
ni
c
so
il
s
fr
ac
ti
on
Cr
op
pi
ng
an
d
ma
na
ge
me
nt
fa
ct
or
s
Na
tu
re
of
cl
ay
mi
ne
ra
ls
Co
ns
er
va
ti
on
pr
ac
ti
ce
fa
ct
or
s
Pe
rc
en
t
si
lt
Pe
rc
en
t
sa
nd
OU
TP
UT
AC
CU
RA
CY
AN
D
SE
NS
IT
IV
IT
Y:
_
Si
nc
e
th
e
ou
tp
ut
is
di
re
ct
ly
re
la
te
d
to
th
e
 
ma
gn
it
ud
e
of
ea
ch
of
th
e
pa
ra
me
te
rs
,
ea
ch
ha
s
th
e
sa
me
po
te
nt
ia
l
se
ns
it
iv
it
y.
Ho
we
ve
r,
th
e
pa
ra
me
te
rs
of
K,
C
an
d
P
gr
ad
ie
nt
ra
te
s
po
ss
es
s
th
e
wi
de
st
ra
ng
e
of
va
lu
es
an
d
ha
ve
th
e
mo
st
se
ns
it
iv
it
y
wi
th
re
sp
ec
t
to
ou
tp
ut
.
Ou
tp
ut
ac
cu
ra
cy
is
go
od
fo
r
an
nu
al
so
il
lo
ss
vo
lu
me
s
an
d
fa
ir
to
go
od
fo
r
si
ng
le
event soil losses.
CO
ST
IM
PL
IC
AT
IO
NS
:
Ex
te
ns
iv
e
re
se
ar
ch
ha
s
be
en
do
ne
to
de
ve
lo
p
ma
th
em
at
ic
al
an
d
gr
ap
hi
ca
l
re
la
ti
on
sh
ip
s
of
al
l
th
e
pa
ra
me
te
rs
.
Si
nc
e
th
e
da
ta
in
pu
t
is
re
ad
il
y
av
ai
la
bl
e
th
is
de
sk
to
p
an
al
yt
ic
al
te
ch
ni
qu
e
is
ve
ry
in
ex
pe
ns
iv
e
to
use.
PR
EV
IO
US
EX
PE
RI
EN
CE
:
Th
e
Un
iv
er
sa
l
So
il
Lo
ss
Eq
ua
ti
on
wa
s
de
ve
lo
pe
d
fr
om
st
at
is
ti
ca
l
an
al
ys
es
an
d
as
so
ci
at
ed
da
ta
ob
ta
in
ed
in
40
ye
ar
s
of
re
se
ar
ch
by
th
e
U.
S.
Ag
ri
cu
lt
ur
al
Re
se
ar
ch
Se
rv
ic
e.
Th
is
te
ch
ni
qu
e
is
in
wi
de
us
e
th
ro
ug
ho
ut
No
rt
h
Am
er
ic
a
an
d
en
ab
le
s
es
ti
ma
te
s
of
gr
os
s
er
os
io
n
ra
te
s
fo
r
a
wi
de
ra
ng
e
of
ra
in
fa
ll
,
so
il
,
sl
op
e,
cr
op
an
d
ma
na
ge
me
nt
co
nd
it
io
ns
,
to
be
ma
de
.
AP
PL
IC
AB
LE
RE
ME
DI
AL
ME
AS
UR
ES
:
11
,1
2,
13
,1
4,
16
,1
7,
19
,2
1,
22
,2
3,
29
,3
0,
31
,3
2,
33
,
34,35,36,37,38,39,54,79
SO
UR
CE
OF
IN
FO
RM
AT
IO
N:
69
,1
85
,9
3
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5.4.5.
TE
CH
NI
QU
E:
St
or
m
Wa
te
r
Ma
na
ge
me
nt
Mo
de
l
(S
WM
M)
DE
VE
LO
PE
D
BY:
Me
tc
al
f
an
d
Ed
dy
Inc
.,
Un
iv
er
si
ty
of
Fl
or
id
a
PU
RP
OS
E/
FU
NC
TI
ON
:
A
co
mp
re
he
ns
iv
e
ma
th
em
at
ic
al
mo
de
l
ca
pa
bl
e
of
re
pr
es
en
ti
ng
ur
ba
n
st
or
mw
at
er
ru
no
ff
an
d
co
mb
in
ed
se
we
r
ov
er
fl
ow
ph
en
om
en
a,
an
d
th
e
ef
fe
ct
of correctional devices.
DE
SC
RI
PT
IO
N
OF
TE
CH
NI
QU
E:
Th
e
co
mp
re
he
ns
iv
e
St
or
m
Wa
te
r
Ma
na
ge
me
nt
Mo
de
l
us
es
 
a
hi
gh
sp
ee
d
di
gi
ta
l
co
mp
ut
er
to
si
mu
la
te
re
al
st
or
m
ev
en
ts
on
th
e
ba
si
s
of
ra
in
fa
ll
(h
ye
to
gr
ap
h)
in
pu
ts
an
d
sy
st
em
(c
at
ch
me
nt
,
co
nv
ey
an
ce
,
st
or
ag
e/
tr
ea
tm
en
t,
an
d
re
ce
iv
in
g
wa
te
r)
ch
ar
ac
te
ri
za
ti
on
to
pr
ed
ic
t
ou
tc
om
es
in
th
e
fo
rm
of
quantity and quality values.
Th
e
si
mu
la
ti
on
te
ch
ni
qu
e
-
th
at
is
,
th
e
re
pr
es
en
ta
ti
on
of
th
e
ph
ys
ic
al
sy
st
em
s
id
en
ti
fi
ab
le
wi
th
in
th
e
Mo
de
l
——
wa
s
de
si
gn
ed
to
pe
rm
it
re
la
ti
ve
ly
ea
sy
in
te
rp
re
ta
ti
on
an
d
pe
rm
it
th
e
lo
ca
ti
on
of
re
me
di
al
de
vi
ce
s
(s
uc
h
as
a
st
or
ag
e
ta
nk
or
re
li
ef
li
ne
s)
an
d/
or
de
no
te
s
lo
ca
li
ze
d
pr
ob
le
ms
(s
uc
h
as
fl
oo
di
ng
)
at
a
gr
ea
t
nu
mb
er
of
po
in
ts
in
th
e
ph
ys
ic
al
sy
st
em
.
Si
nc
e
th
e
pr
og
ra
m
ob
je
ct
iv
es
ar
e
pa
rt
ic
ul
ar
ly
di
re
ct
ed
to
wa
rd
co
mp
le
te
ti
me
an
d
sp
at
ia
l
ef
fe
ct
s,
as
op
po
se
d
to
si
mp
le
ma
xi
ma
(s
uc
h
as
th
e
ra
ti
on
al
fo
rm
ul
a
ap
pr
oa
ch
)
or
on
ly
gr
os
s
ef
fe
ct
s
(su
ch
as
to
ta
l
po
un
ds
of
po
ll
ut
an
t
di
sc
ha
rg
ed
in
a
gi
ve
n
st
or
m)
,
it
is
es
se
nt
ia
l
to
wo
rk
wi
th
co
nt
in
uo
us
cu
rv
es
(m
ag
ni
tu
de
ve
rs
us
ti
me
),
re
fe
rr
ed
to
as
hy
dr
og
ra
ph
s
an
d
"p
ol
lu
to
gr
ap
hs
".
Th
e
un
it
s
se
le
ct
ed
fo
r
qu
al
it
y
re
pr
es
en
ta
ti
on
,
po
un
ds
pe
r
mi
nu
te
,
id
en
ti
fy
th
e
ma
ss
re
le
as
es
in
a
si
ng
le
te
rm
.
Co
nc
en
tr
at
io
ns
ar
e
al
so
pr
in
te
d
ou
t
wi
th
in
th
e
pr
og
ra
m
fo
r
co
mp
ar
is
on
s
wi
th
me
as
ur
ed
da
ta
.
In
th
e
si
mp
le
st
te
rm
s
th
e
pr
og
ra
m
is
bu
il
t
up
as
fo
ll
ow
s:
1/ The input sources:
RU
NO
FF
ge
ne
ra
te
s
su
rf
ac
e
ru
no
ff
ba
se
d
on
ar
bi
tr
ar
y
ra
in
fa
ll
hy
et
og
ra
ph
s,
an
te
ce
de
nt
co
nd
it
io
ns
,
la
nd
us
e,
an
d
to
po
gr
ap
hy
.
EI
EI
E
ge
ne
ra
te
s
dr
y
we
at
he
r
sa
ni
ta
ry
fl
ow
ba
se
d
on
la
nd
us
e,
po
pu
la
ti
on
density, and other factors.
IN
EI
E
ge
ne
ra
te
s
in
fi
lt
ra
ti
on
in
to
th
e
se
we
r
sy
st
em
ba
se
d
on
av
ai
la
bl
e
gr
ou
nd
-
water and sewer condition.
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5.4.5 (Cont'd)
2
/
T
h
e
c
e
n
t
r
a
l
c
o
r
e
:
T
R
A
N
S
c
a
r
r
i
e
s
a
n
d
c
o
m
b
i
n
e
s
t
h
e
i
n
p
u
t
s
t
h
r
o
u
g
h
t
h
e
s
e
w
e
r
s
y
s
t
e
m
u
s
i
n
g
 
a
m
o
d
i
f
i
e
d
k
i
n
e
m
a
t
i
c
w
a
v
e
a
p
p
r
o
a
c
hi
n
a
c
c
o
r
d
a
n
c
e
w
i
t
h
M
a
n
n
i
n
g
'
s
e
q
u
a
t
i
o
n
a
n
d
c
o
n
t
i
n
u
i
t
y
;
i
t
a
s
s
u
m
e
s
c
o
m
p
l
e
t
e
m
i
x
i
n
g
a
t
v
a
r
i
o
u
s
i
n
l
e
t
p
o
i
n
t
s
.
3
/
T
h
e
c
o
r
r
e
c
t
i
o
n
a
l
d
e
v
i
c
e
s
:
T
S
T
R
D
T
,
T
S
T
C
S
T
,
S
T
O
R
A
G
,
T
R
E
A
T
,
a
n
d
T
R
C
O
S
T
m
o
d
i
f
y
h
y
d
r
o
g
r
a
p
h
s
a
n
d
p
o
l
l
u
t
o
—
g
r
a
p
h
s
at
s
e
l
e
c
t
e
d
p
o
i
n
t
s
in
t
h
e
s
e
w
e
r
s
y
s
t
e
m
,
a
c
c
o
u
n
t
i
n
g
f
o
r
r
e
t
e
n
t
i
o
n
ti
me
,
t
r
e
a
t
m
e
n
t
e
f
f
i
c
i
e
n
t
c
y
,
a
n
d
o
t
h
e
r
p
a
r
a
m
e
t
e
r
s
;
a
s
s
o
c
i
a
t
e
d
c
o
s
t
s
a
r
e
computed also.
4/
T
h
e
e
f
f
e
c
t
(
r
e
c
e
i
v
i
n
g
w
a
t
e
r
s
)
:
R
E
C
E
I
V
r
o
u
t
e
s
h
y
d
r
o
g
r
a
p
h
s
a
n
d
p
o
l
l
u
t
o
g
r
a
p
h
s
t
h
r
o
u
g
h
t
h
e
r
e
c
e
i
v
i
n
g
w
a
t
e
r
s
,
wh
i
c
h
m
a
y
c
o
n
s
i
s
t
of
a
st
re
am
,
ri
ve
r,
la
ke
es
tu
ar
y,
or
ba
y.
T
h
e
q
u
a
l
i
t
y
c
o
n
s
t
i
t
u
e
n
t
s
c
o
n
s
i
d
e
r
e
d
f
o
r
s
i
m
u
l
a
t
i
o
n
a
r
e
t
h
e
5
—
d
a
y
BO
D,
t
o
t
a
l
s
u
s
p
e
n
d
e
d
s
o
l
i
d
s
,
t
o
t
a
l
c
o
l
i
f
o
r
m
s
(
r
e
p
r
e
s
e
n
t
e
d
as
a
c
o
n
s
e
r
v
a
t
i
v
e
p
o
l
l
u
t
a
n
t
)
,
a
n
d
DO
.
T
h
e
s
e
c
o
n
s
t
i
t
u
e
n
t
s
w
e
r
e
s
e
l
e
c
t
e
d
o
n
t
h
e
b
a
s
i
s
o
f
a
v
a
i
l
a
b
l
e
s
u
p
p
o
r
t
i
n
g
d
a
t
a
a
n
d
i
m
p
o
r
t
a
n
c
e
i
n
t
r
e
a
t
m
e
n
t
e
f
f
e
c
t
i
v
e
n
e
s
s
e
v
a
l
u
a
t
i
o
n
.
In
a
d
d
i
t
i
o
n
,
th
e
R
un
o
f
f
Bl
oc
k
al
so
m
o
d
e
l
s
CO
D,
s
e
t
t
l
e
a
b
l
e
so
li
ds
,
to
ta
l
n
i
t
r
o
g
e
n
,
p
h
o
s
p
h
a
t
e
an
d
gr
ea
se
.
H
o
we
ve
r
,
r
o
ut
i
n
g
o
f
th
es
e
p
a
r
a
m
e
t
e
r
s
t
h
r
o
ug
h
s
ub
s
e
q
ue
n
t
bl
oc
ks
us
ua
l
l
y
in
vo
lv
es
sp
ec
ia
l
p
r
o
g
r
a
m
m
i
n
g
ef
fo
rt
s.
Th
e
c
o
n
t
r
i
b
ut
i
o
n
of
s
us
p
e
n
d
e
d
so
li
ds
b
y
ur
b
a
n
e
r
o
s
i
o
n
p
r
o
c
e
s
s
e
s
is
al
so
s
i
m
ul
a
t
e
d
by
th
e
p
r
o
g
r
a
m
.
Pr
og
ra
m
Bl
oc
ks
:
Th
e
ad
op
te
d
pr
og
ra
mm
in
g
ar
ra
ng
em
en
t
co
ns
is
ts
of
a
ma
in
co
nt
ro
l
an
d
se
rv
ic
e
bl
oc
k,
th
e
Ex
ec
ut
iv
e
Bl
oc
k,
a
se
rv
ic
e
bl
oc
k
(C
om
bi
ne
),
an
d
fo
ur
co
mp
ut
at
io
na
l
bl
oc
ks
:
(1
)
Ru
no
ff
Bl
oc
k,
(2
)
Tr
an
sp
or
t
Bl
oc
k,
(3
)
St
or
ag
e
Bl
oc
k,
an
d
(4
)
Re
ce
iv
in
g
Wa
te
r
Bl
oc
k.
Ex
ec
ut
iv
e
Bl
oc
k-
-
Th
e
Ex
ec
ut
iv
e
Bl
oc
k
as
si
gn
s
lo
gi
ca
l
un
it
s
(d
is
k/
ta
pe
/d
ru
m)
,
de
te
rm
in
es
th
e
bl
oc
k
or
se
qu
en
ce
of
bl
oc
ks
to
be
ex
ec
ut
ed
,
an
d,
on
ca
ll
,
pr
od
uc
es
gr
ap
hs
of
se
le
ct
ed
re
su
lt
s
on
th
e
li
ne
pr
in
te
r.
Th
us
,
fo
ur
bl
oc
ks
ar
e
se
t
up
to
ca
rr
y
th
ro
ug
h
a
ma
jo
r
st
ep
in
th
e
qu
an
ti
ty
an
d
qu
al
it
y
co
mp
ut
at
io
ns
.
Al
l
ac
ce
ss
to
th
e
co
mp
ut
at
io
na
l
bl
oc
ks
an
d
tr
an
sf
er
s
be
tw
ee
n
th
em
mu
st
pa
ss
 5.4.5
Ex
ec
ut
iv
e
Bl
oc
k
(C
on
t'
d)
th
ro
ug
h
th
e
su
br
ou
ti
ne
MA
IN
of
th
e
Ex
ec
ut
iv
e
Bl
oc
k.
Tr
an
sf
er
s
ar
e
ac
co
mp
li
sh
ed
on
of
fl
in
e
de
vi
ce
s
(d
is
k/
ta
pe
/d
ru
m)
wh
ic
h
ma
y
be
sa
ve
d
fo
r
mu
lt
ip
le
tr
ai
ls
or permanent record.
Co
mb
in
e
Bl
oc
k—
-
Th
is
bl
oc
k
al
lo
ws
th
e
ma
ni
pu
la
ti
on
of
da
ta
se
ts
(f
il
es
st
or
ed
on
of
fl
in
e
de
vi
ce
s)
in
or
de
r
to
ag
gr
eg
at
e
re
su
lt
s
of
pr
ev
io
us
ru
ns
fo
r
in
pu
t
in
to
su
bs
eq
ue
nt
bl
oc
ks
.
In
th
is
ma
nn
er
la
rg
e,
co
mp
le
x
dr
ai
na
ge
sy
st
em
s
ma
y
be
pa
rt
it
io
ne
d
fo
r
si
mu
la
ti
on
in
sm
al
le
r
se
gm
en
ts
.
Ru
no
ff
Bl
oc
k—
-
Th
e
Ru
no
ff
Bl
oc
k
co
mp
ut
es
th
e
st
or
mw
at
er
ru
no
ff
an
d
it
s
ch
ar
ac
te
ri
st
ic
s
fo
r
a
gi
ve
n
st
or
m
fo
r
su
bc
at
ch
me
nt
an
d
st
or
es
th
e
re
su
lt
s
in
th
e
fo
rm
of
hy
dr
og
ra
ph
s
an
d
po
ll
ut
og
ra
ph
s
at
in
le
ts
to
th
e
ma
in
se
we
r
sy
st
em
.
A
sn
ow
me
lt
ca
pa
bi
li
ty
ha
s
re
ce
nt
ly
be
en
ad
de
d
to
th
e
SW
MM
Mo
de
l
by
Ca
na
di
an
Re
se
ar
ch
er
s.
Tr
an
sp
or
t
Bl
oc
k-
-
Th
e
Tr
an
sp
or
t
Bl
oc
k
se
ts
up
pr
e-
st
or
m
co
nd
it
io
ns
by
co
mp
ut
in
g
dr
y
we
at
he
r
fl
ow
in
fi
lt
ra
ti
on
an
d
di
st
ri
bu
ti
ng
th
em
th
ro
ug
h<
nr
t
th
e
co
nv
ey
an
ce
sy
st
em
.
Th
e
bl
oc
k
th
en
pe
rf
on
ns
it
s
pr
im
ar
y
fu
nc
ti
on
of
fl
ow
an
d
qu
al
it
y
ro
ut
in
g,
p
i
c
k
i
n
g
up
th
e
r
un
o
f
f
re
su
lt
s,
an
d
p
r
o
d
uc
i
n
g
c
o
m
b
i
n
e
d
fl
ow
h
yd
r
o
g
r
a
p
h
s
an
d
p
o
l
l
ut
o
g
r
a
p
h
s
fo
r
th
e
to
ta
l
d
r
a
i
n
a
g
e
b
a
s
i
n
a
n
d
at
s
e
l
e
c
t
e
d
i
n
t
e
r
m
e
d
i
a
t
e
po
in
ts
.
O
f
co
ur
se
,
th
e
p
r
o
g
r
a
m
ma
y
al
so
be
u
s
e
d
s
t
r
i
c
t
l
y
fo
r
s
t
o
r
m
wa
t
e
r
ro
ut
in
g,
w
i
t
h
n
e
i
t
h
e
r
dr
y
w
e
a
t
h
e
r
fl
ow
or
in
fi
lt
ra
ti
on
.
St
or
ag
e
Bl
oc
k—
—
Th
e
St
or
ag
e
Bl
oc
k
us
es
th
e
ou
tp
ut
of
th
e
Tr
an
sp
or
t
Bl
oc
k
an
d
m
o
d
i
f
i
e
s
th
e
fl
ow
an
d
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
at
a
g
i
ve
n
p
o
i
n
t
o
r
p
o
i
n
t
s
a
c
c
o
r
d
i
n
g
to
th
e
pr
ed
ef
in
ed
st
or
ag
e
an
d
tr
ea
tm
en
t
fa
ci
li
ti
es
pr
ov
id
ed
.
Co
st
s
as
so
ci
at
ed
wi
th
th
e
co
ns
tr
uc
ti
on
an
d
op
er
at
io
n
of
th
e
st
or
ag
e/
tr
ea
tm
en
t
fa
ci
li
ti
es
ar
e
computed.
Re
ce
iv
in
g
Wa
te
r
Bl
oc
k-
—
Th
e
Re
ce
iv
in
g
Wa
te
r
Bl
oc
k
ac
ce
pt
s
th
e
ou
tp
ut
of
th
e
 
Tr
an
sp
or
t
or
Ru
no
ff
Bl
oc
ks
di
re
ct
ly
,
or
th
e
mo
di
fi
ed
ou
tp
ut
of
th
e
St
or
ag
e
Bl
oc
k,
an
d
co
mp
ut
es
th
e
re
su
lt
in
g
hy
dr
od
yn
am
ic
s
an
d
co
nc
en
tr
at
io
n
di
st
ri
bu
ti
on
s
in
th
e
re
ce
iv
in
g
ri
ve
r,
la
ke
,
es
tu
ar
y,
or
ba
y.
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5.4.5 (Cont‘d)
To
ta
l
Si
mu
la
ti
on
——
In
pr
in
ci
pl
e,
th
e
ca
pa
bi
li
ty
ex
is
ts
to
ru
n
al
l
bl
oc
ks
to
ge
th
er
in
a
gi
ve
n
co
mp
ut
er
ex
ec
ut
io
n,
al
th
ou
gh
fr
om
a
pr
ac
ti
ca
l
an
d
so
me
ti
me
s
ne
ce
ss
ar
y
vi
ew
po
in
t
(d
ue
to
co
mp
ut
er
co
re
li
mi
ta
ti
on
s)
,
ty
pi
ca
l
ru
ns
us
ua
ll
y
in
vo
lv
e
on
ly
on
e
or
tw
o
co
mp
ut
io
na
l
bl
oc
ks
to
ge
th
er
wi
th
th
e
Ex
ec
ut
iv
e
Bl
oc
k.
Us
in
g
th
is
ap
pr
oa
ch
av
oi
ds
ov
er
la
p
an
d,
mo
re
ov
er
,
al
lo
ws
fo
r
ex
am
in
at
io
n
of
in
te
rm
ed
ia
te
re
su
lt
s
be
fo
re
co
nt
in
ui
ng
th
e
co
mp
ut
at
io
ns
.
Fu
rt
he
r,
it
pe
rm
it
s
th
e
us
e
of
in
te
rm
ed
ia
te
re
su
lt
s
as
st
ar
t-
up
da
ta
in
su
bs
eq
ue
nt
ex
ec
ut
io
n
ru
ns
,
th
er
eb
y
av
oi
di
ng
th
e
wa
st
e
of
re
pe
at
in
g
th
e
co
mp
ut
at
io
ns
al
re
ad
y
pe
rf
or
me
d.
DA
TA
RE
QU
IR
EM
EN
T:
Th
e
da
ta
re
qu
ir
em
en
ts
fo
r
SW
MM
ar
e
ex
te
ns
iv
e.
Th
e
dr
ai
na
ge
ar
ea
an
d
dr
ai
na
ge
sy
st
em
mu
st
be
br
ok
en
do
wn
in
to
it
s
sm
al
le
st
co
mp
on
en
ts
an
d
ea
ch
ph
ys
ic
al
pa
ra
me
te
r
fo
r
th
e
dr
ai
na
ge
ar
ea
or
fl
ow
sy
st
em
mu
st
be
in
pu
te
d.
Pr
oc
ed
ur
es
fo
r
lu
mp
in
g,
i.
e.
si
mp
li
fy
in
g
of
th
e
sy
st
em
,
ar
e
av
ai
la
bl
e.
Pr
ec
ip
it
at
io
n
hy
et
og
ra
ph
s,
tr
ea
tm
en
t
op
ti
on
s,
in
it
ia
l
po
ll
ut
an
t
co
nc
en
tr
at
io
ns
an
d
de
ca
y
ra
te
s
ar
e
re
qu
ir
ed
.
OU
TP
UT
AC
CU
RA
CY
AN
D
SE
NS
IT
IV
IT
Y:
'T
he
SW
MM
Mo
de
l
is
de
si
gn
ed
as
a
“D
et
er
mi
ni
st
ic
”
 
mo
de
l
in
th
at
if
al
l
pa
ra
me
te
rs
ar
e
ac
cu
ra
te
,
th
e
ph
ys
ic
s
of
th
e
pr
oc
es
se
s
ar
e
si
mu
la
te
d
su
ff
ic
ie
nt
ly
we
ll
to
pr
od
uc
e
ac
cu
ra
te
re
su
lt
s
wi
th
ou
t
ca
li
br
at
io
n.
Th
is
co
nc
ep
t
ma
y
fa
il
in
pr
ac
ti
ce
be
ca
us
e
th
e
in
pu
t
da
ta
or
th
e
nu
me
ri
ca
l
me
th
od
s
ma
y
no
t
be
ac
cu
ra
te
en
ou
gh
fo
r
mo
st
re
al
ap
pl
ic
at
io
ns
.
Wh
il
e
mo
st
in
pu
t
pa
ra
me
te
rs
ha
ve
de
fa
ul
t
va
lu
es
wh
ic
h
th
e
pr
og
ra
m
us
es
if
in
pu
t
da
ta
ar
e
ab
se
nt
,
th
e
pr
og
ra
m
sh
ou
ld
no
t
be
us
ed
wi
th
ou
t
th
e
fu
ll
un
de
rs
ta
nd
in
g
of
th
e
so
ur
ce
an
d
me
an
in
g
of
th
e
de
fa
ul
t
va
lu
es
.
Th
e
ru
no
ff
an
d
hy
dr
au
li
c
as
pe
ct
s
of
th
e
mo
de
l
ar
e
we
ll
de
ve
lo
pe
d
an
d
wi
ll
pr
ov
id
e
ac
cu
ra
te
ou
tp
ut
wi
th
in
re
as
on
ab
le
li
mi
ts
.
Di
ff
ic
ul
ty
is
st
il
l
be
in
g
ex
pe
ri
en
ce
d
in
th
e
ac
cu
ra
cy
of
th
e
ab
so
lu
te
va
lu
es
of
th
e
qu
al
it
y
pa
ra
me
te
rs
bu
t
th
e
qu
al
it
y
mo
de
l
is
a
use
ful
too
l
to
pro
vid
e
qua
lit
ati
ve
and
rel
ati
ve
inf
orm
ati
on
on
wat
er
qua
lit
y.
COS
T
IMP
LIC
ATI
ON:
Cos
t p
er
sim
ula
tio
n
for
com
put
er
tim
e
var
ies
bet
wee
n
$15
.00
and
$50
.00
per
run
,
dep
end
ing
upo
n t
he
siz
e o
f t
he
stu
dy
are
a,
and
the
com
put
er
fac
ili
ty
use
d.
The
mos
t
cos
tly
asp
ect
is
the
gat
her
ing
,
ass
emb
lin
g
and
cod
ing
of the necessary input data.
  
5.4.5 (Cont'd)
PR
EV
IO
US
EX
PE
RI
EN
CE
:
Th
e
SW
MM
Mo
de
l
is
re
ad
il
y
av
ai
la
bl
e
fr
om
U.S
.
an
d
Ca
na
di
an
Go
ve
rn
me
nt
so
ur
ce
s
an
d
th
ro
ug
h
so
me
co
mp
ut
er
ti
me
sh
ar
in
g
co
mp
an
ie
s.
Ex
te
ns
iv
e
su
pp
or
ti
ng
re
se
ar
ch
an
d
do
cu
me
nt
at
io
n
ha
s
be
en
su
pp
or
te
d
by
bo
th
U.S
.
an
d
Ca
na
di
an
Go
ve
rn
me
nt
s
in
re
ce
nt
ye
ar
s,
an
d
mo
st
la
rg
e
co
ns
ul
ti
ng
en
gi
ne
er
in
g
fi
rm
s
wo
rk
in
g
in
th
e
fi
el
d
of
mu
ni
ci
pa
l
or
wa
te
r
re
so
ur
ce
s
engineering, are using the SWMM Model.
AP
PL
IC
AB
LE
RE
ME
DI
AL
ME
AS
UR
ES
EV
AL
UA
TE
D:
43
,4
4,
45
,4
6,
47
,4
8,
49
,5
0,
8l
,9
1
an
d
al
l
un
de
r
Un
iv
er
sa
l
So
il
Lo
ss
Eq
ua
ti
on
.
SO
UR
CE
OF
IN
FO
RM
AT
IO
N:
St
or
m
Wa
te
r
Ma
na
ge
me
nt
Mo
de
l
Us
er
's
Ma
nu
al
Ve
rs
io
n
II
.
U.
S.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
.,
93
,1
69
,1
85
,1
86
,2
60
,2
6l
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5.4.6
TE
CH
NI
QU
E:
St
or
ag
e,
Ov
er
fl
ow
an
d
Tr
ea
tm
en
t
Mo
de
l
(S
TO
RM
)
DE
VE
LO
PE
D
BY
:
U.
S.
Co
rp
s
of
En
gi
ne
er
s
an
d
Wa
te
r
Re
so
ur
ce
s
En
gi
ne
er
s
In
c.
PU
RP
OS
E/
FU
NC
TI
ON
:
A
mo
de
l
to
pr
ov
id
e
co
nt
in
uo
us
si
mu
la
ti
on
of
st
or
mw
at
er
ru
no
ff
an
d
th
e
ef
fe
ct
s
of
tr
ea
tm
en
t
de
vi
ce
s
up
on
th
e
ru
no
ff
qu
al
it
y.
DE
SC
RI
PT
IO
N
OF
TE
CH
NI
QU
E:
Th
e
ST
OR
M
Mo
de
l
co
mp
ut
es
st
or
m
wa
te
r
ru
no
ff
fr
om
 
a
si
ng
le
ca
tc
hm
en
t
in
ho
ur
ly
ti
me
st
ep
s
ba
se
d
on
th
e
re
co
rd
of
a
si
ng
le
ra
in
ga
ug
e.
Th
e
ra
in
fa
ll
de
pt
h
in
ex
ce
ss
of
th
e
de
pr
es
si
on
st
or
ag
e
is
tr
an
sf
or
me
d
to
di
re
ct
ru
no
ff
th
ro
ug
h
th
e
us
e
of
a
sp
ec
if
ie
d
ru
no
ff
co
ef
fi
ci
en
t
at
ea
ch
ti
me
st
ep
.
Ru
no
ff
fr
om
bo
th
pe
rv
io
us
an
d
im
pe
rv
io
us
ar
ea
s
of
th
e
ca
tc
hm
en
t
is
si
mu
la
te
d.
Sn
ow
me
lt
co
mp
ut
at
io
ns
ba
se
d
up
on
th
e
"d
eg
re
e-
da
y"
me
th
od
ma
y
al
so
be
pe
rf
or
me
d.
Th
e
wa
te
r
ba
la
nc
e
be
tw
ee
n
st
or
ms
is
de
te
rm
in
ed
vi
a
th
e
re
co
ve
ry
of
de
pr
es
si
on
st
or
ag
e
ba
se
d
up
on
sp
ec
if
ie
d
po
te
nt
ia
l
evapotranspiration rates.
Th
e
mo
de
l
pe
rf
or
ms
no
ro
ut
in
g
co
mp
ut
at
io
ns
,
an
d
al
l
di
re
ct
ru
no
ff
co
mp
ut
ed
fo
r
ea
ch
ti
me
st
ep
is
as
su
me
d
to
dr
ai
n
fr
om
th
e
ca
tc
hm
en
t
in
th
at
ti
me
st
ep
.
Va
ri
ou
s
co
mb
in
at
io
ns
of
st
or
ag
e
an
d
tr
ea
tm
en
t
ca
pa
ci
ti
es
ma
y
be
mo
de
ll
ed
an
d
th
e
ef
fe
ct
of
th
es
e
on
st
or
m
wa
te
r
ov
er
fl
ow
s
in
ve
st
ig
at
ed
.
Qu
al
it
y
co
mp
ut
at
io
ns
ma
y
be
pe
rf
or
me
d
in
ea
ch
ti
me
st
ep
,
ba
se
d
up
on
th
e
po
ll
ut
an
t
wa
sh
of
f
fr
om
di
ff
er
en
t
la
nd
us
es
.
Fi
ve
co
mm
on
po
ll
ut
an
ts
ca
n
be
si
mu
la
te
d.
Th
e
qu
al
it
y
co
mp
ut
at
io
ns
ar
e
es
se
nt
ia
ll
y
th
e
sa
me
as
th
os
e
pe
rf
or
me
d
in
th
e
SW
MM
.
Dr
y
we
at
he
r
fl
ow
wa
s
no
t
co
ns
id
er
ed
in
th
e
or
ig
in
al
ve
rs
io
n
wh
er
ea
s
it
is
in
th
e
re
ce
nt
ly
re
le
as
ed
ve
rs
io
n.
Be
tw
ee
n
st
or
ms
,
th
e
am
ou
nt
s
of
av
ai
la
bl
e
su
rf
ac
e
po
ll
ut
an
ts
ar
e
mo
di
fi
ed
ac
co
rd
in
g
to
th
e
nu
mb
er
of
dr
y
da
ys
fo
r
ac
cu
mu
la
ti
on
an
d
th
e
nu
mb
er
of
st
re
et
sw
ee
pi
ng
s.
So
il
lo
ss
is
es
ti
ma
te
d
th
ro
ug
h
th
e
us
e
of the Universal Soil Loss Equation.
 Page 41
5.4.6 (Cont'd)
INPUT REQUIREMENTS:
Pr
ec
ip
it
at
io
n
Se
di
me
nt
ge
ne
ra
ti
on
an
d
wa
sh
off parameters
At
mo
sp
he
ri
c
co
nd
it
io
ns
Se
di
me
nt
ac
cu
mu
la
ti
on
s
an
d
re
mo
va
l
parameters
So
il
mo
is
tu
re
Nu
tr
ie
nt
an
d
ch
em
ic
al
po
te
nc
y
factors
Pe
rc
ol
at
io
n
to
gr
ou
nd
wa
te
r
In
it
ia
l
co
nd
it
io
ns
So
il
Ch
ar
ac
te
ri
st
ic
s
Sn
ow
me
lt
pa
ra
me
te
rs
Watershed characteristics
OU
TP
UT
AC
CU
RA
CY
AN
D
SE
NS
IT
IV
IT
Y:
St
or
m
ha
s
be
en
te
st
ed
ag
ai
ns
t
me
as
ur
ed
 
da
ta
an
d
ag
ai
ns
t
th
e
re
su
lt
s
of
si
mu
la
ti
on
s
by
SW
MM
.
Th
is
mo
de
l
wa
s
fo
un
d
to
gi
ve
re
as
on
ab
ly
go
od
es
ti
ma
te
s
of
th
e
ov
er
al
l
ma
gn
it
ud
es
an
d
fr
eq
ue
nc
ie
s
of
ov
er
fl
ow
s.
Cl
os
e
si
mu
la
ti
on
of
me
as
ur
ed
hy
dr
og
ra
ph
s.
ca
n
be
ac
hi
ev
ed
wi
th
in
th
e
li
mi
ta
ti
on
s
of
th
e
1
ho
ur
ti
me
st
ep
s
us
ed
;
ho
we
ve
r,
th
e
pr
im
ar
y
ob
je
ct
iv
e
of
th
e
ap
pl
ic
at
io
n
of
ST
OR
M
is
to
pr
ov
id
e
lo
ng
te
rm
si
mu
la
ti
on
re
su
lt
s.
Th
e
St
at
e—
of
-t
he
-a
rt
of
qu
al
it
y
mo
de
ll
in
g
is
su
ch
th
at
em
ph
as
is
sh
ou
ld
be
pl
ac
ed
on
th
e
ov
er
al
l
po
ll
ut
an
t
di
sc
ha
rg
e
ra
th
er
th
an
on
in
st
an
ta
ne
ou
s
co
nc
en
tr
at
io
n
va
lu
es
.
In
th
is
re
sp
ec
t,
ST
OR
M
ma
y
be
us
ed
to
pr
ov
id
e
a
us
ef
ul
su
mm
ar
y
of
ru
no
ff
qu
al
it
y
ov
er
a
lo
ng
pe
ri
od
.
CO
ST
IM
PL
IC
AT
IO
NS
:
Co
mp
ut
er
co
st
s
ar
e
ab
ou
t
$1
0.
00
to
$2
0.
00
pe
r
ye
ar
of
si
mu
la
ti
on
.
Al
th
ou
gh
in
pu
t
da
ta
re
qu
ir
em
en
ts
fo
r
pr
ec
ip
it
at
io
n
ar
e
ex
te
ns
iv
e,
th
e
da
ta
re
qu
ir
em
en
ts
fo
r
th
e
ot
he
r
wa
te
rs
he
d
an
d
dr
ai
na
ge
sy
st
em
pa
ra
me
te
rs
ar
e
le
ss
de
ta
il
ed
th
an
fo
r
SW
MM
.
PR
EV
IO
US
EX
PE
RI
EN
CE
:
Th
e
ST
OR
M
Mo
de
l
is
we
ll
do
cu
me
nt
ed
,
te
st
ed
,
is
no
n—
pr
op
ri
et
ar
y
an
d
is
av
ai
la
bl
e
fr
om
th
e
U.
S.
Co
rp
of
En
gi
ne
er
s,
Hy
dr
ol
og
ic
En
gi
ne
er
in
g
Ce
nt
re
,
Da
vi
s,
Ca
li
fo
rn
ia
.
AP
PL
IC
AB
LE
RE
ME
DI
AL
ME
AS
UR
ES
:
A1
1
so
il
an
d
wa
te
r
co
ns
er
va
ti
on
te
ch
ni
qu
es
.
Do
es
no
t
ha
ve
pr
ov
is
io
ns
fo
r
ev
al
ua
ti
on
of
on
—s
tr
ea
m
tr
ea
tm
en
t
me
as
ur
es
.
SOURCE OF INFORMATION: 93
 
 TE
CH
NI
QU
E:
Hy
dr
oc
om
p
Si
mu
la
ti
on
Pr
og
ra
m
(H
SP
)
Mo
de
l
DE
VE
LO
PE
D
BY
:
Hy
dr
oc
om
p
In
c.
Pa
lo
Al
to
,
Ca
li
fo
rn
ia
PU
RP
OS
E/
FU
NC
TI
ON
:
Th
e
HS
P
Mo
de
l
is
a
co
nt
in
uo
us
si
mu
la
ti
on
pr
og
ra
m
fo
r
st
or
m
ru
no
ff
wi
th
th
e
ca
pa
bi
li
ty
of
ev
al
ua
ti
ng
re
me
di
al
te
ch
ni
qu
es
.
DE
SC
RI
PT
IO
N
OF
TE
CH
NI
QU
E:
Th
e
HS
P
Mo
de
l,
si
mu
la
te
s
ru
no
ff
fr
om
a
mu
lt
i—
 
su
bc
at
ch
me
nt
wa
te
rs
he
d
us
in
g
pr
ec
ip
it
at
io
n
da
ta
fr
om
on
e
or
mo
re
ga
ug
es
.
Sh
or
t
ti
me
in
te
rv
al
s
ar
e
us
ua
ll
y
us
ed
,
an
d
ru
no
ff
fr
om
bo
th
pe
rv
io
us
an
d
im
pe
rv
io
us
ar
ea
s
is
si
mu
la
te
d.
Th
e
ru
no
ff
co
mp
ut
at
io
ns
ar
e
mo
re
so
ph
is
ti
ca
te
d
th
an
th
os
e
us
ed
in
mo
st
co
nt
in
uo
us
si
mu
la
ti
on
mo
de
ls
.
In
fi
lt
ra
ti
on
,
in
te
rc
ep
ti
on
,
ev
ap
ot
ra
ns
pi
ra
ti
on
,
an
d
de
pr
es
si
on
st
or
ag
e
ar
e
co
mp
ut
ed
an
d
th
e
mo
de
l
ma
y
be
ca
li
br
at
ed
th
ro
ug
h
ad
ju
st
me
nt
of
th
e
co
ef
fi
ci
en
ts
fo
r
ea
ch
of these processes.
Sn
ow
ac
cu
mu
la
ti
on
an
d
me
lt
ar
e
co
mp
ut
ed
us
in
g
th
e
Co
rp
s
of
En
gi
ne
er
s'
en
er
gy
eq
ua
ti
on
s.
Dr
y
we
at
he
r
fl
ow
is
al
so
co
mp
ut
ed
an
d
co
mb
in
ed
wi
th
th
e
su
rf
ac
e
runoff.
Co
mp
le
te
ro
ut
in
g
co
mp
ut
at
io
ns
ar
e
pe
rf
or
me
d
fo
r
se
we
rs
an
d
ch
an
ne
l
ne
tw
or
ks
us
in
g
th
e
Ki
ne
ma
ti
c
Wa
ve
Th
eo
ry
,
ac
co
un
ti
ng
fo
r
up
st
re
am
an
d
do
wn
st
re
am
co
nt
ro
ls
.
Di
ve
rs
io
n
an
d
st
or
ag
e
st
ru
ct
ur
es
ma
y
be
mo
de
ll
ed
at
sp
ec
if
ic
po
in
ts
in
th
e
ne
tw
or
k.
Qu
al
it
y
co
mp
ut
at
io
ns
ar
e
pe
rf
or
me
d
fo
r
su
rf
ac
e
ru
no
ff
,
dr
y
we
at
he
r
fl
ow
an
d
co
ns
is
tu
en
t
ro
ut
in
g
th
ro
ug
h
th
e
ne
tw
or
k.
Up
to
17
co
ns
ti
tu
en
ts
ma
y
be
mo
de
ll
ed
.
Th
e
po
ll
ut
an
t
ac
cu
mu
la
ti
on
an
d
wa
te
r
ba
la
nc
e
be
tw
ee
n
st
or
m
ev
en
ts
is
al
so
co
ns
id
er
ed
.
Th
e
co
mp
ut
er
pr
og
ra
m
is
pr
op
ri
et
or
y
to
Hy
dr
oc
om
p
International Inc.
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INPUT REQUIREMENTS:
Pr
ec
ip
it
at
io
n
Ph
ys
ic
al
ch
em
ic
al
,
bi
ol
og
ic
al
an
d
.
.
re
cr
ea
ti
on
ch
ar
ac
te
ri
st
ic
s
Evapotranspiration
At
mo
sp
he
ri
c
co
nd
it
io
ns
80
11
ty
pe
?
d}
5t
rl
bU
tl
on
an
d
characteristics
Str am fl w
e
O
Ve
ge
ta
l
co
ve
r
W
r
d
ar
t
r
.
.
.
at
e
Sh
e
p
am
e
e
s
Dr
ai
na
ge
ne
tw
or
k
ch
ar
ac
te
ri
st
ic
s
Al
l
of
th
e
ab
ov
e
mu
st
be
pr
ov
id
ed
on
a
da
il
y
ba
si
s.
OU
TP
UT
AC
CU
RA
CY
AN
D
SE
NS
IT
IV
IT
Y:
Wh
en
ca
li
br
at
ed
,
th
e
HS
?
gi
ve
s
go
od
lo
ng
 
te
rm
si
mu
la
ti
on
re
su
lt
s.
Qu
al
it
y
pr
ed
ic
ti
on
is
pa
rt
ic
ul
ar
il
y
se
ns
it
iv
e
to
th
e
si
mu
la
ti
on
of
lo
ng
fl
ow
s.
Ex
te
ns
iv
e
st
ud
y
is
re
qu
ir
ed
to
un
de
rs
ta
nd
sensitivity of all parameters.
CO
ST
IM
PL
IC
AT
IO
NS
:
Th
e
co
mp
ut
er
pr
og
ra
m
is
pr
op
ri
et
ar
y
to
Hy
dr
oc
om
p
In
te
rn
at
io
na
l
In
c.
an
d
re
qu
ir
es
ex
te
ns
iv
e
da
ta
co
ll
ec
ti
on
an
d
an
al
ys
is
ti
me
.
Co
mp
ut
er
st
or
ag
e
re
qu
ir
ed
is
ve
ry
la
rg
e.
Th
e
HS
P
is
th
e
la
rg
es
t
an
d
mo
st
so
ph
is
ti
ca
te
d
model in current use.
AP
PL
IC
AB
LE
RE
ME
DI
AL
ME
AS
UR
ES
:
Fu
nc
ti
on
s
fo
r
th
e
ev
al
ua
ti
on
of
re
me
di
al
me
as
ur
es
ar
e
no
t
in
cl
ud
ed
in
th
e
pr
og
ra
m.
Ho
we
ve
r,
by
in
di
re
ct
me
th
od
s,
ma
ny
Of
th
e
in
pu
t
pa
ra
me
te
rs
ca
n
be
al
te
re
d
to
re
fl
ec
t
th
e
ef
fe
ct
Of
a
mo
di
fi
ed
la
nd
us
e
on
ef
fl
ue
nt
qu
al
it
y
an
d
th
er
eb
y
ev
al
ua
te
th
e
do
wn
st
re
am
ef
fe
ct
s
of
th
e
re
me
di
al
me
as
ur
es
.
Th
er
ef
or
e
th
e
sa
me
re
me
di
al
me
as
ur
es
li
st
ed
un
de
r
SW
MM
co
ul
d
be
ev
al
ua
te
d
wi
th
th
e
HS
P.
SO
UR
CE
OF
IN
FO
RM
AT
IO
N:
26
3,
26
4
 
 T
E
C
H
N
I
Q
U
E
:
L
o
a
d
i
n
g
F
u
n
c
t
i
o
n
s
D
E
V
E
L
O
P
E
D
B
Y
:
V
a
r
i
o
u
s
r
e
s
e
a
r
c
h
e
r
s
P
U
R
P
O
S
E
/
F
U
N
C
T
I
O
N
:
R
e
l
a
t
i
o
n
s
a
n
d
e
q
u
a
t
i
o
n
s
u
s
e
d
t
o
i
n
d
i
r
e
c
t
l
y
e
s
t
i
m
a
t
e
n
o
n
-
p
o
i
n
t
s
o
u
r
c
e
p
o
l
l
u
t
i
o
n
i
n
r
u
n
o
f
f
.
D
E
S
C
R
I
P
T
I
O
N
O
F
T
E
C
H
N
I
Q
D
E
;
A
l
o
a
d
i
n
g
f
u
n
c
t
i
o
n
i
s
a
m
a
t
h
e
m
a
t
i
c
a
l
e
x
p
r
e
s
s
i
o
n
w
h
i
c
h
o
n
e
u
s
e
s
t
o
c
a
l
c
u
l
a
t
e
t
h
e
e
m
i
s
s
i
o
n
o
f
a
p
o
l
l
u
t
a
n
t
f
r
o
m
a
n
o
n
—
p
o
i
n
t
s
o
u
r
c
e
a
n
d
t
h
e
d
i
s
c
h
a
r
g
e
o
f
t
h
a
t
p
o
l
l
u
t
a
n
t
i
n
t
o
s
u
r
f
a
c
e
w
a
t
e
r
w
a
y
s
.
T
h
i
s
i
n
d
i
r
e
c
t
i
n
f
e
r
e
n
c
e
a
p
p
r
o
a
c
h
c
a
n
b
e
e
x
t
e
n
d
e
d
b
e
y
o
n
d
s
i
m
p
l
e
l
o
a
d
i
n
g
f
a
c
t
o
r
s
b
y
t
h
e
u
s
e
o
f
r
e
g
r
e
s
s
i
o
n
m
o
d
e
l
s
,
w
h
i
c
h
h
a
v
e
w
a
t
e
r
s
h
e
d
l
a
n
d
u
s
e
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
a
s
d
e
p
e
n
d
e
n
t
v
a
r
i
a
b
l
e
s
,
a
n
d
i
n
s
t
r
e
a
m
w
a
t
e
r
q
u
a
l
i
t
y
p
a
r
a
m
e
t
e
r
s
a
n
d
i
n
d
e
p
e
n
d
e
n
t
v
a
r
i
a
b
l
e
s
.
A
l
o
a
d
i
s
d
e
f
i
n
e
d
a
s
t
h
e
q
u
a
n
t
i
t
y
o
f
p
o
l
l
u
t
a
n
t
d
i
s
c
h
a
r
g
e
d
t
o
s
u
r
f
a
c
e
w
a
t
e
r
s
f
r
o
m
t
h
e
s
o
u
r
c
e
p
e
r
u
n
i
t
o
f
t
i
m
e
:
l
o
a
d
=
k
i
l
o
g
r
a
m
s
s
e
d
i
m
e
n
t
p
e
r
s
o
u
r
c
e
p
e
r
d
a
y
,
e
t
c
.
T
h
e
l
o
a
d
i
n
g
f
u
n
c
t
i
o
n
i
s
t
h
e
e
x
p
r
e
s
s
i
o
n
o
r
e
q
u
a
t
i
o
n
w
h
i
c
h
p
e
r
m
i
t
s
c
a
l
c
u
l
a
t
i
o
n
o
f
t
h
e
l
o
a
d
.
I
t
m
a
y
p
e
r
h
a
p
s
b
e
c
o
n
s
t
r
u
e
d
f
r
o
m
t
h
e
a
b
o
v
e
d
i
s
c
u
s
s
i
o
n
t
h
a
t
l
o
a
d
i
n
g
f
u
n
c
t
i
o
n
s
a
r
e
s
t
r
a
i
g
h
t
f
o
r
w
a
r
d
e
x
p
r
e
s
s
i
o
n
s
,
m
a
t
c
h
e
d
b
y
p
r
e
c
i
s
e
,
w
e
l
l
'
d
o
c
u
m
e
n
t
e
d
d
a
t
a
,
a
n
d
t
h
a
t
c
a
l
c
u
l
a
t
i
o
n
s
c
a
n
b
e
m
a
d
e
b
y
r
o
u
t
i
n
e
p
r
o
c
e
d
u
r
e
s
w
i
t
h
l
i
t
t
l
e
i
n
d
i
s
c
r
i
m
-
i
n
a
t
o
r
y
i
n
p
u
t
s
o
f
j
u
d
g
e
m
e
n
t
b
y
t
h
e
u
s
e
r
.
T
h
i
s
i
s
s
e
l
d
o
m
t
h
e
c
a
s
e
.
A
s
u
b
s
t
a
n
t
i
a
l
p
o
r
t
i
o
n
o
f
t
h
e
p
r
e
s
e
n
t
a
t
i
o
n
s
o
f
t
h
e
s
e
l
o
a
d
i
n
g
f
u
n
c
t
i
o
n
s
a
r
e
d
e
v
o
t
e
d
t
o
p
r
o
c
e
d
u
r
a
l
d
e
s
c
r
i
p
t
i
o
n
s
w
h
i
c
h
w
o
u
l
d
a
s
s
i
s
t
t
h
e
u
s
e
r
i
n
u
s
i
n
g
h
i
s
o
r
o
t
h
e
r
l
o
c
a
l
j
u
d
g
e
m
e
n
t
s
o
n
i
n
p
u
t
s
,
a
n
d
t
o
i
n
s
t
r
u
c
t
i
n
g
t
h
e
u
s
e
r
o
n
t
h
e
l
i
m
i
t
s
o
f
a
p
p
l
i
c
a
b
i
l
i
t
y
o
f
t
h
e
f
u
n
c
t
i
o
n
s
.
T
h
e
l
o
a
d
i
n
g
f
u
n
c
t
i
o
n
s
d
e
s
c
r
i
b
e
d
i
n
t
h
e
l
i
t
e
r
a
t
u
r
e
c
o
v
e
r
t
h
e
f
o
l
l
o
w
i
n
g
s
o
u
r
c
e
s
and pollutants:
S
o
u
r
c
e
s
A
g
r
i
c
u
l
t
u
r
e
:
c
r
o
p
l
a
n
d
,
p
a
s
t
u
r
e
,
a
n
d
r
a
n
g
e
l
a
n
d
,
i
r
r
i
g
a
t
e
d
l
a
n
d
,
w
O
o
d
l
a
n
d
a
n
d
f
e
e
d
l
o
t
s
.
S
i
l
v
i
c
u
l
t
u
r
e
:
g
r
o
w
i
n
g
s
t
o
c
k
,
l
o
g
g
i
n
g
,
r
o
a
d
b
u
i
l
d
i
n
g
C
o
n
s
t
r
u
c
t
i
o
n
:
u
r
b
a
n
d
e
v
e
l
o
p
m
e
n
t
a
n
d
h
i
g
h
w
a
y
c
o
n
s
t
r
u
c
t
i
o
n
M
i
n
i
n
g
:
s
u
r
f
a
c
e
m
i
n
i
n
g
a
n
d
u
n
d
e
r
g
r
o
u
n
d
m
i
n
e
s
l
T
e
r
r
e
s
t
r
i
a
l
d
i
s
p
o
s
a
l
:
l
a
n
d
f
i
l
l
a
n
d
d
u
m
p
s
r—
-—
--
--
--
--
--
II
II
II
II
II
II
ll
ll
lI
lI
II
II
II
II
II
II
II
II
II
II
II
II
II
II
II
II
II
II
II
II
II
II
I
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5.4.8 (Cont'd)
— U
til
ity
mai
nte
nan
ce:
hig
hwa
ys
and
str
eet
s,
and
dei
cin
g
- Urban runoff
— Precipitation
- B
ack
gro
und
sou
rce
s:
nat
ive
for
est
s,
pra
iri
e
lan
d,
etc
.
Pol
lut
ant
s:-
Nut
rie
nts
:
nit
rog
en
and
pho
sph
oru
s
- Sediment
— Biodegradable organics
— Pesticides
- Salinity
- Radioactivity
— Mine drainage
—’Metals
— Microorganisms
IN
PU
T
RE
QU
IR
EM
EN
TS
:
A
va
ri
et
y
an
d
qu
an
ti
ty
of
da
ta
ar
e
ne
ce
ss
ar
y
fo
r
th
e
pr
od
uc
ti
ve
us
e
of
th
e
lo
ad
in
g
fu
nc
ti
on
s.
Ea
ch
lo
ad
in
g
fu
nc
ti
on
ha
s
it
s
un
iq
ue
re
qu
ir
em
en
t
fo
r
in
pu
t
da
ta
.
OU
TP
UT
AC
CU
RA
CY
AN
D
SE
NS
IT
IV
IT
Y:
Em
ph
as
is
ha
s
be
en
gi
ve
n
to
lo
ad
in
g
fu
nc
ti
on
s
on
es
ti
ma
ti
ng
pr
ce
du
re
s
wh
ic
h
ar
e
ge
ne
ra
ll
y
us
ef
ul
fr
om
th
e
st
an
dp
oi
nt
of
th
e
de
pt
h
an
d
qu
al
it
y
an
d
qu
an
ti
ty
of
av
ai
la
bl
e
da
ta
or
in
fo
rm
at
io
n.
Fo
r
th
is
re
as
on
th
e
fu
nc
ti
on
s
ge
ne
ra
ll
y
ut
il
iz
e
si
mp
le
an
d
ba
si
c
co
nc
ep
ts
,
as
op
po
se
d
to
th
eo
re
ti
ca
ll
y
or
ie
nt
ed
de
sc
ri
pt
io
ns
of
ph
ys
ic
al
,
ch
em
ic
al
,
me
ch
an
ic
al
an
d
bi
ol
og
ic
al
pr
oc
es
se
s.
In
de
ed
,
wh
er
e
ne
ce
ss
ar
y
an
d
ap
pr
op
ri
at
e,
es
ti
ma
te
s
an
d
th
e
ru
le
of
th
um
b
ap
pr
oa
ch
ha
ve
be
en
pr
ef
er
re
d
to
mo
re
ri
gi
d
th
eo
re
ti
ca
l
fu
nc
ti
on
s
wh
ic
h
su
ff
er
fr
om
th
e
la
ck
of
th
ei
r
da
ta
.
In
di
re
ct
ap
pr
oa
ch
es
su
ch
as
lo
ad
in
g
fu
nc
ti
on
s,
ma
y
pr
ov
id
e
ge
ne
ra
l
in
di
ca
ti
on
s
of
th
e
re
la
ti
ve
ma
gn
it
ud
es
of
no
n—
po
in
t
po
ll
ut
io
n
di
sc
ha
rg
es
.
Ma
ny
ar
e
in
se
ns
it
iv
e
to
lo
ca
l
va
ri
at
io
ns
in
so
il
s
an
d
we
at
he
r
an
d,
in
ma
ny
ca
se
s,
al
te
rn
at
iv
e
la
nd
ma
na
ge
me
nt
op
ti
on
s.
HO
We
ve
r,
wh
er
e
da
ta
av
ai
la
bi
li
ty
pr
ev
en
ts
th
e
us
e
of
mo
re
ra
ti
on
al
pr
ed
ic
ti
on
to
ol
s,
su
ch
as
si
mu
la
ti
on
l
mo
de
ls
,
th
e
lo
ad
in
g
fu
nc
ti
on
s
ca
n
gi
ve
va
lu
ab
le
in
fo
rm
at
io
n,
no
t
ot
he
rw
is
e
available to the decision maker.
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5
.
4
.
8
(
C
o
n
t
'
d
)
C
O
S
T
I
M
P
L
I
C
A
T
I
O
N
S
:
I
n
g
e
n
e
r
a
l
,
i
n
p
u
t
d
a
t
a
i
s
r
e
a
d
i
l
y
a
v
a
i
l
a
b
l
e
a
n
d
t
h
e
c
o
m
p
u
t
a
t
i
o
n
s
a
r
e
i
n
e
x
p
e
n
s
i
v
e
t
o
e
x
e
c
u
t
e
.
P
R
E
V
I
O
U
S
E
X
P
E
R
I
E
N
C
E
:
U
s
a
g
e
v
a
r
i
e
s
f
r
o
m
e
x
t
e
n
s
i
v
e
,
i
.
e
.
U
n
i
v
e
r
s
a
l
S
o
i
l
L
o
s
s
E
q
u
a
t
i
o
n
,
t
o
o
n
l
y
r
e
s
e
a
r
c
h
a
p
p
l
i
c
a
b
i
l
i
t
y
i
.
e
.
e
q
u
a
t
i
o
n
s
f
o
r
h
e
a
v
y
m
e
t
a
l
s
a
n
d
r
a
d
i
o
a
c
t
i
v
e
l
o
a
d
i
n
g
s
.
S
O
U
R
C
E
O
F
I
N
F
O
R
M
A
T
I
O
N
:
2
,
2
8
,
1
8
3
,
2
5
5
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5.4.9
TE
CH
NI
QU
E:
Mu
lt
i—
Re
so
ur
ce
Sy
st
em
Mo
de
l
DE
VE
LO
PE
D
BY
:
B.
B.
Ba
re
,
J.
A.
Ry
an
,
G.
F.
Sc
hr
eu
de
r,
Un
iv
er
si
ty
of
Wa
sh
in
gt
on
Sp
on
so
re
d
by
th
e
Na
ti
on
al
Sc
ie
nc
e
Fo
un
da
ti
on
PU
RP
OS
E/
FU
NC
TI
ON
:
A
co
mp
le
te
si
mu
la
ti
on
mo
de
l
fo
r
ex
am
in
in
g
th
e
ph
ys
ic
al
,
e
c
o
n
o
m
i
c
an
d
e
n
vi
r
o
n
m
e
n
t
a
l
co
ns
eq
ue
nc
es
of
a
l
t
e
r
n
a
t
i
ve
la
nd
-u
se
de
ci
si
on
s
an
d
m
a
n
i
p
u
l
a
t
i
o
n
s
o
f
a
fo
re
st
ec
os
ys
te
m.
D
E
S
C
R
I
P
T
I
O
N
OF
TE
CH
NI
QU
E:
Th
e
s
ys
t
e
m
m
o
d
e
l
is
c
o
m
p
o
s
e
d
of
a
se
ri
es
of
su
b—
 
s
y
s
t
e
m
m
o
d
e
l
s
w
h
i
c
h
i
n
c
l
u
d
e
f
o
r
e
s
t
p
r
o
d
u
c
t
i
o
n
p
r
o
c
e
s
s
e
s
,
r
e
c
r
e
a
t
i
o
n
s
u
p
p
l
y
p
r
o
c
e
s
s
e
s
,
f
i
s
h
a
n
d
w
i
l
d
l
i
f
e
s
u
p
p
l
y
p
r
o
c
e
s
s
e
s
a
n
d
a
t
m
o
s
p
h
e
r
i
c
a
n
d
h
y
d
r
o
l
o
g
i
c
p
r
o
c
e
s
s
e
s
.
M
a
n
i
p
u
l
a
t
i
o
n
s
o
f
th
e
e
c
o
s
y
s
t
e
m
a
r
e
a
s
s
e
s
s
e
d
i
n
r
e
l
a
t
i
o
n
to
t
h
e
i
r
u
t
i
l
i
z
a
b
l
e
g
o
o
d
s
a
n
d
s
e
r
vi
c
e
s
.
S
i
n
c
e
m
a
n
y
o
f
th
e
m
a
n
i
p
u
l
a
t
i
o
n
s
g
e
n
e
r
a
t
e
n
o
n
-
p
o
i
n
t
s
o
u
r
c
e
s
o
f
p
o
l
l
u
t
i
o
n
,
a
l
a
r
g
e
p
o
r
t
i
o
n
o
f
t
h
e
p
r
o
g
r
a
m
is
d
i
r
e
c
t
e
d
at
m
o
d
e
l
l
i
n
g
t
h
e
s
e
p
r
o
c
e
s
s
e
s
.
T
h
e
m
o
d
e
l
is
c
o
m
p
o
s
e
d
o
f
a
t
i
m
b
e
r
p
r
o
d
u
c
t
i
o
n
s
e
c
t
i
o
n
,
a
t
i
m
b
e
r
h
a
r
v
e
s
t
i
n
g
s
e
c
t
i
o
n
,
a
h
y
d
r
o
l
o
g
y
s
e
c
t
i
o
n
a
n
d
a
r
e
c
r
e
a
t
i
o
n
s
e
c
t
i
o
n
.
T
h
e
l
a
t
t
e
r
s
e
c
t
i
o
n
is
e
x
t
e
r
n
a
l
to
t
h
e
c
o
m
p
l
e
t
e
m
o
d
e
l
b
u
t
s
t
i
l
l
a
l
l
o
w
s
t
h
e
e
s
t
i
m
a
t
i
o
n
o
f
e
n
v
i
r
o
n
m
e
n
t
a
l
i
m
p
a
c
t
s
.
I
N
P
U
T
R
E
Q
U
I
R
E
M
E
N
T
S
:
M
o
n
t
h
l
y
p
r
e
c
i
p
i
t
a
t
i
o
n
E
q
u
i
p
m
e
n
t
u
s
e
d
M
o
n
t
h
l
y
a
t
m
o
s
p
h
e
r
i
c
c
o
n
d
i
t
i
o
n
s
F
e
r
t
i
l
i
z
a
t
i
o
n
p
r
a
c
t
i
c
e
s
T
o
p
o
g
r
a
p
h
y
T
i
m
b
e
r
m
a
n
a
g
e
m
e
n
t
a
n
d
h
a
r
v
e
s
t
i
n
g
.
.
.
c
o
s
t
s
T
i
m
b
e
r
h
a
r
v
e
s
t
i
n
g
p
r
a
c
t
i
c
e
s
O
U
T
P
U
T
A
C
C
U
R
A
C
Y
A
N
D
S
E
N
S
I
T
I
V
I
T
Y
:
T
e
m
p
o
r
a
l
r
e
s
o
l
u
t
i
o
n
i
s
a
n
i
m
p
o
r
t
a
n
t
d
e
c
i
s
i
o
n
w
h
e
n
u
s
i
n
g
t
h
e
M
u
l
t
i
-
R
e
s
o
u
r
c
e
M
o
d
e
l
f
o
r
a
f
o
r
e
s
t
e
c
o
s
y
s
t
e
m
.
N
o
t
o
n
l
y
d
o
e
s
t
e
m
p
o
r
a
l
r
e
s
o
l
u
t
i
o
n
a
f
f
e
c
t
m
o
d
e
l
e
f
f
i
c
i
e
n
c
y
,
i
t
a
l
s
o
s
i
g
n
i
f
i
c
a
n
t
l
y
a
f
f
e
c
t
s
t
h
e
e
s
t
i
m
a
t
i
o
n
o
f
t
h
e
s
e
v
e
r
i
t
y
o
f
e
n
v
i
r
o
n
m
e
n
t
a
l
i
m
p
a
c
t
s
a
s
s
o
c
i
a
t
e
d
w
i
t
h
n
o
n
-
i
n
d
u
c
e
d
m
a
n
i
p
u
l
a
t
i
o
n
s
.
A
y
e
a
r
l
y
r
e
s
o
l
u
t
i
o
n
w
i
t
h
a
g
g
r
e
g
a
t
e
d
m
o
n
t
h
l
y
h
y
d
r
o
l
o
g
i
c
v
a
l
u
e
s
h
a
s
b
e
e
n
s
u
g
g
e
s
t
e
d
.
S
p
a
t
i
a
l
r
e
s
o
l
u
t
i
o
n
is
a
s
e
c
o
n
d
i
m
p
o
r
t
a
n
t
m
o
d
e
l
l
i
n
g
d
e
c
i
s
i
o
n
.
M
a
n
y
s
i
t
e
s
p
e
c
i
f
i
c
i
m
p
a
c
t
s
a
r
e
,
i
n
e
f
f
e
c
t
,
m
a
s
k
e
d
o
u
t
w
h
e
n
a
g
g
r
e
g
a
t
e
d
o
v
e
r
a
n
e
n
t
i
r
e
w
a
t
e
r
s
h
e
d
.
T
h
e
o
r
e
t
i
c
a
l
l
y
,
t
h
i
s
p
r
o
b
l
e
m
c
a
n
b
e
c
i
r
c
u
m
v
e
n
t
e
d
 5.4.9 (Cont'd)
by
co
ns
id
er
in
g
th
e
im
pa
ct
of
de
ci
si
on
s
on
an
ac
re
by
ac
re
ba
si
s,
ho
we
ve
r,
th
is
is
ve
ry
la
bo
ri
ou
s
fo
r
la
rg
e
fo
re
st
ed
ar
ea
s.
Ou
tp
ut
de
ta
il
an
d
ma
np
ow
er
mu
st
be
tr
ad
ed
of
f
to
re
ac
h
an
ac
ce
pt
ab
le
le
ve
l
of
de
ta
il
.
COST IMPLICATIONS: Not available.
AP
PL
IC
AB
LE
RE
ME
DI
AL
ME
AS
UR
ES
:
Al
l
so
il
an
d
wa
te
r
co
ns
er
va
ti
on
te
ch
ni
qu
es
th
at
ar
e
ut
il
iz
ed
wi
th
in
th
e
fo
re
st
sy
st
em
,
in
cl
ud
in
g
va
ri
ou
s
lo
gg
in
g
te
ch
—
ni
qu
es
,
ca
n
be
ev
al
ua
te
d
by
pr
op
er
ad
ju
st
me
nt
of
th
e
in
pu
t
va
ri
ab
le
s
wi
th
this model.
PRE
VIO
US
EXP
ERI
ENC
E:
Sno
hom
ish
Riv
er
Bas
in
in
wes
ter
n
Was
hin
gto
n.
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 Page 49
5.4.10
TECHNIQUE: Pesticide Transport and Runoff Model (PTR)
DEVELOPED BY: Hydrocomp Inc., Palo Alto, California
PURPOSE/FUNCTION: A mathematical model developed to describe quantitatively,
pesticide runoff as a function of pesticide and soil properties, agricultural
practices, watershed characteristics and climatic factors.
DESCRIPTION OF TECHNIQUE: The PTR Model is a dynamic single rainfall-
even
t ty
pe m
odel
. D
escr
ipti
on o
f th
e ph
ysic
al s
tate
of t
he p
esti
cide
and
its
 
vertical distribution with respect to the soil surface is considered as a
general requirement. The initial pesticide phase, spatial distribution and
application techniques are then categorized and quantified. Precipitation
char
acte
rist
ics
and
drai
nage
basi
n to
pogr
aphy
are
the
majo
r fa
ctor
s in
flue
ncin
g
the
wate
r ba
lanc
e an
d he
nce
pest
icid
e mo
veme
nt.
A ki
neti
c de
grad
atio
n su
b—
mode
l is
util
ized
to d
eter
mine
the
decl
ine
in p
esti
cide
cOnc
entr
atio
n wi
th
tim
e b
etw
een
rai
nfa
ll
eve
nts
wit
h f
ive
che
mic
al
pro
ces
ses
uti
liz
ed
to
det
erm
ine
the overall rate of pesticide decay.
 
INPUT REQUIREMENTS: 1?;
 
Det
ail
ed
pre
cip
ita
tio
n d
ata
Che
mic
al
rea
cti
on
rat
es
'9
Pes
tic
ide
cha
rac
ter
ist
ics
Pla
nt
upt
ake
rat
es
Y“
App
lic
ati
on
tec
hni
que
Atm
osp
her
ic
con
dit
ion
s
Spa
tia
l
dis
tri
but
ion
Soi
l
ads
orp
tiv
e
cap
aci
ty
So
il
ch
ar
ac
te
ri
st
ic
s
an
d
di
st
ri
bu
ti
on
Ba
si
n
to
po
gr
ap
hy
Vegetative cover and distribution
OU
TP
UT
AC
CU
RA
CY
AN
D
SE
NS
IT
IV
IT
Y:
Th
e
PT
R
Mo
de
l
ha
s
de
mo
ns
tr
at
ed
th
e
cap
abi
lit
y
of
pro
vid
ing
rea
son
abl
e
est
ima
tes
of
sur
fac
e
run
off
and
sed
ime
nt
lo
ss
fr
om
ag
ri
cu
lt
ur
al
wa
te
rs
he
ds
in
the
So
ut
he
rn
Pi
ed
mo
nt
.
Th
e
mo
de
l
  
5.4.10 (Cont'd)
ut
il
iz
es
th
e
ma
jo
r
mo
de
s
of
tr
an
sp
or
t
of
pe
st
ic
id
es
an
d
ot
he
r
no
n-
po
in
t
so
ur
ce
po
ll
ut
an
ts
to
wa
te
r
bo
di
es
.
Co
ns
eq
ue
nt
ly
,
fu
rt
he
r
re
fi
ne
me
nt
of
th
e
pe
st
ic
id
e
fu
nc
ti
on
s
(a
ds
or
pt
io
n/
de
so
rp
ti
on
,
vo
la
ti
li
za
ti
on
,
an
d
de
gr
ad
at
io
n)
wi
ll
up
gr
ad
e
the
ca
pa
bi
li
ty
of
th
e
mo
de
l
to
pr
ed
ic
t
the
pe
st
ic
id
e
in
pu
t
to
wa
te
r
bodies from surface washoff.
COS
T
IMP
LIC
ATI
ONS
:
Det
ail
ed
dat
a
inp
ut
req
uir
ed,
how
eve
r,
dat
a i
s
gen
era
lly
av
ai
la
bl
e
fr
om
ex
is
ti
ng
so
ur
ce
s.
Mo
de
l
ca
li
br
at
io
n
is
re
qu
ir
ed
fo
r
ar
ea
s
other than the Southern Piedmont.
APP
LIC
ABL
E
REM
EDI
AL
MEA
SUR
ES:
All
soi
l
and
wat
er
con
ser
vat
ion
tec
hni
que
s
 
will influence input parameters.
PRE
VIO
US
EXP
ERI
ENC
E:
Mod
el
has
bee
n
tes
ted
by
USE
PA
and
the
dev
elo
per
s.
Application elsewhere was not available.
SOURCE OF INFORMATION: 34
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5.4.11
TECHNIQUE: Miscellaneous
The following is a partial list of sediment prediction methods for which
detailed review was notpossible, but which may offer the reader further
awareness to research should the techniques described herein prove insuf-
ficient to meet his needs.
Einstein Bedload Function
Colby Modified Einstein Function
Toffaleti Total Load Method
Lacey's Silt Theory
Pemberton Modified Einstein Function
Flaxman Statistical Analysis
Woolhiser's Deterministic Watershed Model
U.S. Agricultural Research Station's Upland Erosion Model
U.S. Agircultural Research Station's USDAHL—73 Watershed Model
U.S. Agricultural Research Station's "ACTMO" Chemical Transport Model
NEGEV's Watershed Model
STANFOR IV Watershed Model
Huff Hydrolic Transport Model
Royal Institute (Sweden) Hydrologic Model
Snyder's Parametric Hydrologic Model
Sedi
ment
Tran
spor
t Co
mput
er M
odel
(Kli
ng 6
Olse
n,
Corn
ell
Univ
ersi
ty)

   
B
E
M
E
I
I
I
A
I
M
E
A
S
U
R
E
S
B
A
P
P
l
I
B
A
I
I
I
I
N
M
A
I
I
I
I
X
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Remedial TeChmqueS .e '2 e e 2: 5: get 8 e: e323 see
H on o o x :4 ~H-H 0-H o.a wwdh.£ e
z
<:
m
u.
m
e«
a a
n a
xe
U)o
Ann
a m
.4
1 Chemical Soil Stabilizers S n S n S n S
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and Tile Fields C
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10 Pressure Injection Well c
11 Conservation Construction Practices S S S S s
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Practices on Steep Slopes S S S S
14 Temporary Diversionson Steeply
Slop
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Site
s 8
Temp
orar
y Ch
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S
S
S
S
S
S
15 Temporary Check Dams on Small
Swales and Watercourses S S S S S
Significantly Effective in Moderately Effective in
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N
—
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n
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17
Net
tin
g o
r M
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ing
S
5
Single Family Aerobic Treatment
18 Systems 'N c N C N C
19 Contour Listing S
20 Disposal of Treated Sewage s N s N s N S N S N
Effluent by Spray Irrigation c c c c C
21 Surface Water Diversion S S
22 Terraces (Diversion Terraces) S S
No—Tillage Cultivation (Slot
23 Planting, Zero Tillage) S
24 Pesticide Application Methods P P P
25 Alternatives to Chemical
Pesticides P P P
26 Slow Release Fertilizers N c c
27 Placement of Fertilizer N c c
28 Timing of Fertilizer Application N c N c
29 Roughening of the Land Surface S
Promotion of Soil Clods or
30
Aggregates S
31 Stripcropping S s s
32 Miscellaneous Tillage Alternatives S
33 Conservation Tillage S
34 Sod-Based Crop Rotation S
35
Winter
Cover
Crops
S
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c
o
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H
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n
u
C:
a :3 O > +4 «3 m 0.x 0-H
.‘ +2 .r-4 -:-+ H 3‘ r—‘l r—4 -—< «5 --¢ $4 : :r-«
s H u p o wram ZCUOGC-HH
* . . :: 8 53 12 % S‘Eé’é’é’eé’ﬁﬁﬁmi
g Remedlal Techlques a a :3 2: s a a a a :1 3,9223 :32
‘ $4 00 <1) 0 >< H -r-4 -r-4 0) 'H o 'H w-HH .c: ct:
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36 Improved Soil Fertility S
37 Timing of Field Operations S
38 Contouring or Contour Cultivation S 3
l
39
Grass
ed Ou
tlets
S
s
S
5
{ﬂ
“ Direct Dosing of Alum to a Septic ﬂ
40 Tank N N N 3%};
" 41 Swirl Concentrator for Runoff ﬁg
Treatment
5 n
S n
,
ﬁg
“ 42 Retention Basins for the Treatment a
of Wet—Weather Sewage Flows S n ‘ a
43
Stati
onary
Scree
ns
S n
gﬁ
_
:1“
44 Horizontal Shaft Rotary Screen S n ij
.s 31;!
45 Vertical Shaft Rotary Fine Screen S n gt
—
46 Treatment Lagoons * s N s N s N
—T 47 Rotating Biological Contactors * N N N
48 Trickling Filters * N N N
49 Contact Stabilization N N
50 Air Flotation S n
51
Phys
ical
-Che
mica
l Sy
stem
s
5 N
Eh
"
52
Rever
se O
smosi
s of
Mine
Taili
ngs
A
Effluent C . i
“
Che
mic
al
Ads
orp
tio
n o
nto
Cla
ys
in
L
53 Experimental Environment P P 5
“
.
S n
S n
S n
‘3
54 Surface Water Diver51on S n ,9
c c c C .
55 Reducing Ground or Mine Waterlhflux: n C n C
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C.o
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-1
.
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.
c:
U
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:1:
c6
m
o
a
o
z
o
v
o
w
h
a
m
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Re
me
dl
al
Te
ch
lq
ue
s
2
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2:
:3
a
as
:
2
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:2
3
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a:
LL
m
E—'
d
o
o
a
m
o
q
m
m
m
q
Underdrains for Mineral Stockpiles
56 . .
or
Tal
lin
gs
n C
57
Ev
ap
or
at
io
n
Po
nd
s
n
c
58
S
t
r
e
e
t
C
l
e
a
n
i
n
g
Sn
c
Sn
c
59
In
te
rc
ep
ti
on
of
Aq
ui
fe
rs
c
n
n
c
n
c
Neutralization of Mine Acid
60
Wa
st
e
‘
c
61
Str
eam
Neu
tra
liz
ati
on
n
c
Improved Methods of Sludge
‘62
Dis
pos
al
on
Lan
d
n
c
c
n
c
Annual Storage and Land Application
63 of Livestock Wastes
. . S n
64 Sewer Flushlng C
65
Com
bin
ed
Sew
er
Ove
rfl
ow
Reg
ula
tor
s
S N
c
66
Ove
rbu
rde
n S
egr
ega
tio
n
S n
S n
S n
67
Min
era
l
Bar
rie
rs
or
Low
Wal
l
Sun
Barriers c
. . . S n
68
Lon
gwa
ll
Str
ip
Min
ing
C
Mo
di
fi
ed
Bl
oc
k
Cu
t
or
Pit
S
n
69
Storage c
70
Hea
d—o
f—H
oll
ow—
Fil
l
: n
71
Box
Cut
Min
ing
3 n
72
Are
a M
ini
ng
5 n
73 Auger Mining s n
c
74 Reducing Surface Water Infiltration n c n c
75 Road Planning a Design 8
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76 Blocking
77 Check Dams s s s S
q 78 Retaining Walls for Road
Construction for Steeper Slopes S S
79 Revegetation -Reforestation
Cut Areas and Bare Slopes s S S S S
80 Vegetative Buffer Strips S S S S n
81 Sediment Basin S S S S S
82 Rip Rap Bank Protection S S S S S
_ Protection of Culvert Outlet, Chute
83 Outlets, etc. 5 S S
‘ 84 Dolos (Offset assymetric
tetrapods) S
q 85 Engineering Design 8 Management 3 n
Fo
r
Sh
or
el
in
e
La
nd
fi
ll
in
g
c
' 86 Revegetation of Mine Tailings:
Stabilization S
‘ 87 Slope Lowering of Spoil and
Tailings Stockpiles 5
‘ Package Sewage Treatment Plants 5 N s N S'
88
(Multi-Family
Use)
C
C
C
89 Waste Exchange for Resource C
Recovery
- s n
90 Head Gradient Control C
_ S N
91
Biological
Treatment
6
f 92 Streambank Protection with
Veg
eta
tio
n
S
S
S
93 Grass Channels or Waterways
S n 5 n
S n
S
94 Permanent Diversions 5 n S n S n S n S n
— __7 Bank ProtectionAEy
95
Jetties,
Deflectors
S
s
S
s
S
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0
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H
r:
c1)
«5
m
p
g
3
O
>
4-)
N
m
0.x
ogﬂ
u -H -H H 3:F« —«—< m ~«s4c crs
r-4 u 4—: 0 Cd r—d «3 3 to can: -r-4v—«
5 m u o a m m om mgno an
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.
c
y
o
8
m
m
a a
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B 3
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:
2%
Rem
edi
al
Tec
hlq
ues
g
g
:3
H
:3
a
g. m
5‘ U;
H V
, “
O
o c
5.4 on a) o >< $4 'H-H O-H O-Hcd-Hf-d—CIN
:3
<
a:
LL
m
E-‘
J
a
m
a
m
a
a
m
m
m
q
96 Reduction and Elimination of
Highway Deicing Salts C C
97 Septic Tank/Tile Bed Sewage
Disposal v N N N
98 Miscellaneous Methods to Reduce
Sto
rm
Run
off
s n
S n
99
Ex
cl
us
io
n
of
Li
ve
st
oc
k
Fr
om
S n
Watercourses
100 Land Smoothing S
101
Gab
ion
Bas
ket
s
5
s
S
S
102 Miscellaneous Erosion Control
Fab
ric
s a
nd
Mat
eri
als
5
s
S
8
Miscellaneous Individual Wastewater
103 Treatment Systems N N N
104 'Clivus Multrum N N N
105 Controlling Feedlot Runoff N
106
Lan
dfi
ll
Lin
ers
C
107 Hydroseeding S S S S S
108 Catch Basin Cleaning Snc Snc
Plant Materials For Bank and
109
Slo
pe
Sta
bil
iza
tio
n
S
S
S
S
S
S
S
S
’J
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A
I
A
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ﬂ
E
I
I
E
[
I
E
B
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M
E
l
l
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MEASURES
l
  
  
 11
ﬂe
Ch
em
ic
al
So
il
St
ab
il
iz
er
s
1
 
Key
wor
ds
Urb
an,
Agr
icu
ltu
re,
Tra
nsp
ort
ati
on,
Sed
ime
nts
,Nu
tri
ent
s,
Ero
sio
n.
 
App
lic
abl
e L
and
Use
Poll
utan
t C
ont
rol
led
Urban Lakeshore and Riverbank Sediments
Agriculture Erosion Nutrients
Transportation
Description
Chemical soil stabilizers include a number of various chemicals which are used to in--
crease the cohesion between soil particles. These include alkyd emulsion; a mixture
of sodium polypectate; glycerinand ammonia; polyvinyl acetate copolymer emulsion;
hypolymer synthetic resin; liquid asphalt; high strength rubber emulsion; etc.
The liquids are normally sprayed upon recently seeded areas or denuded soil to increase
the cohesion of the surface soil in order to reduce erosion and evaporation losses and
thereby help effect the development of a permanent vegetative cover. With the except—
ion of liquid asphalt and rubber emulsion, these liquids are normally applied using
stand
ard h
ydros
eedin
g eq
uipme
nt or
coars
e pre
ssure
spray
ing
equip
ment.
Durat
ion
of
effectiveness ranges from a few weeks to a few months with very little long term effect
in excess of six months; therefore it must be considered a temporary technique.
Cou
ld
be
use
ful
in
sta
bil
izi
ng
ban
ks
fol
low
ing
alt
era
tio
ns
of
cha
nne
ls,
dit
chi
ng
or
re
sl
op
in
g
or
er
od
in
g
ba
nk
s
to
al
lo
w
re
ve
ge
ta
ti
on
of
th
e
ex
po
se
d
ba
nk
sl
op
e.
Hi
gh
de
gr
ee
of short term effectiveness.
Ad
va
nt
ag
es
Di
sa
dv
an
ta
ge
s
— relatively easy and quick method for — relatively costly for large area
stabilization of disturbed areas - may reduce infiltration to a limited
- adaptable to most conditions and topo— degree
graphies
— non-toxic to plant or aquatic life (to
our knowledge)
Ca
pi
ta
l
Co
st
s
Op
er
at
in
g
an
d
Ma
in
te
na
nc
e
Co
st
s
Costs estimated at $.30 to $1.20 per sq.m.
for application.
 
Previous Experience
Ma
te
ri
al
s
ar
e
wi
de
ly
av
ai
la
bl
e
in
th
e
Gr
ea
t
La
ke
s
Ba
51
n
an
d
so
me
ty
pe
s,
su
ch
as
1
i
Q
u
i
d
a
s
p
h
a
l
t
,
a
r
e
i
n
v
e
r
y
c
o
m
m
o
n
u
s
e
.
 
Sou
rce
of
Inf
orm
ati
on
49,
38,
108
,
110
, 9
2:
106
: 1
80’
106
-
   
  
T
W
ﬂ
e
R
o
o
f
T
o
p
P
o
n
d
i
n
g
2
K
e
y
w
o
r
d
s
U
r
b
a
n
,
S
e
d
i
m
e
n
t
s
,
N
u
t
r
i
e
n
t
s
 
A
p
p
l
i
c
a
b
l
e
L
a
n
d
U
s
e
P
o
l
l
u
t
a
n
t
C
o
n
t
r
o
l
l
e
d
U
r
b
a
n
S
e
d
i
m
e
n
t
s
I
Nutrients
Description
T
h
e
p
u
r
p
o
s
e
o
f
r
o
o
f
t
o
p
p
o
n
d
i
n
g
i
s
t
o
l
o
w
e
r
t
h
e
f
l
o
o
d
p
e
a
k
s
b
y
d
e
l
a
y
i
n
g
r
u
n
o
f
f
f
r
o
m
r
o
o
f
s
.
T
h
e
m
e
t
h
o
d
i
s
a
p
p
l
i
c
a
b
l
e
w
h
e
r
e
t
h
e
i
n
c
r
e
a
s
e
d
l
o
a
d
o
f
i
m
p
o
u
n
d
e
d
w
a
t
e
r
o
n
r
o
o
f
s
d
o
e
s
n
o
t
s
i
g
n
i
f
i
c
a
n
t
l
y
i
n
c
r
e
a
s
e
t
h
e
b
u
i
l
d
i
n
g
c
o
s
t
.
F
l
a
t
r
o
o
f
s
a
r
e
n
o
r
m
a
l
l
y
d
e
s
i
g
n
e
d
f
o
r
t
h
e
i
m
p
o
u
n
d
m
e
n
t
o
f
15
t
o
1
8
c
m
l
o
f
w
a
t
e
r
f
o
r
o
t
h
e
r
s
t
r
u
c
t
u
r
a
l
s
a
f
e
t
y
r
e
a
s
o
n
s
.
R
u
n
-
o
f
f
m
a
y
b
e
c
o
n
t
r
o
l
l
e
d
i
n
t
h
r
e
e
w
a
y
s
.
F
i
r
s
t
l
y
b
y
a
p
e
r
f
o
r
a
t
e
d
s
t
r
a
i
n
e
r
w
i
t
h
l
i
m
i
t
e
d
c
a
p
a
c
i
t
y
o
n
t
h
e
d
o
w
n
p
i
p
e
i
n
l
e
t
.
P
r
o
v
i
s
i
o
n
m
u
s
t
b
e
m
a
d
e
f
o
r
a
n
e
m
e
r
g
e
n
c
y
o
v
e
r
f
l
o
w
b
e
f
o
r
e
w
a
t
e
r
s
p
i
l
l
s
O
V
e
r
t
h
e
t
o
p
o
f
t
h
e
r
o
o
f
p
a
r
a
p
e
t
a
n
d
d
e
s
i
g
n
e
d
t
o
o
v
e
r
f
l
o
w
b
e
f
o
r
e
t
h
e
m
a
x
i
m
u
m
p
e
r
m
i
s
s
i
b
l
e
l
o
a
d
o
n
t
h
e
r
o
o
f
is
r
e
a
c
h
e
d
.
S
e
c
o
n
d
l
y
,
g
r
a
v
e
l
d
e
t
e
n
t
i
o
n
b
a
r
r
i
e
r
s
o
n
f
l
a
t
r
o
o
f
s
h
a
v
e
b
e
e
n
f
o
u
n
d
t
o
b
e
e
f
f
e
c
t
i
v
e
to
s
l
o
w
t
h
e
v
e
l
o
c
i
t
y
o
f
t
h
e
w
a
t
e
r
e
n
t
e
r
i
n
g
i
n
t
o
t
h
e
r
o
o
f
d
o
w
n
p
i
p
e
.
T
h
i
r
d
l
y
,
o
n
s
l
o
p
i
n
g
r
o
o
f
s
,
it
is
p
o
s
s
i
b
l
e
t
o
c
o
n
s
t
r
u
c
t
r
u
n
o
f
f
c
h
e
c
k
s
w
h
i
c
h
e
f
f
e
c
t
i
v
e
l
y
i
n
c
r
e
a
s
e
t
i
m
e
o
f
c
o
n
c
e
n
t
r
a
t
i
o
n
.
H
o
w
e
v
e
r
,
as
so
on
as
su
ch
"
f
i
n
d
a
m
s
"
ar
e
fu
ll
,
th
e
r
a
t
e
o
f
r
un
o
f
f
wi
l
l
b
e
c
o
n
s
t
a
n
t
p
r
o
v
i
d
e
d
th
at
th
e
st
or
m
co
nt
in
ue
s
at
th
e
sa
me
in
te
ns
it
y.
Th
es
e
ar
e
of
li
mi
te
d
us
ef
ul
ne
ss
an
d
often very undesirable.
P
l
u
g
g
i
n
g
o
f
o
u
t
l
e
t
s
w
o
u
l
d
r
e
s
u
l
t
in
o
v
e
r
s
p
i
l
l
i
n
g
o
f
p
a
r
a
p
e
t
s
,
h
o
w
e
v
e
r
s
l
o
w
r
e
l
e
a
s
e
d
r
a
i
n
s
ar
e
no
t
s
i
g
n
i
f
i
c
a
n
t
l
y
d
i
f
f
e
r
e
n
t
in
d
e
s
i
g
n
t
h
a
n
c
o
n
ve
n
t
i
o
n
a
l
r
o
o
f
to
p
d
r
a
i
n
sc
re
en
s.
Du
e
to
i
n
c
r
e
a
s
e
d
r
e
s
i
d
e
n
c
e
t
i
m
e
o
f
w
a
t
e
r
on
r
o
o
f
to
p,
i
n
c
i
d
e
n
c
e
of
r
o
o
f
l
e
a
k
a
g
e
m
a
y
b
e
a
g
g
r
a
v
a
t
e
d
.
A
d
v
a
n
t
a
g
e
s
D
i
s
a
d
v
a
n
t
a
g
e
s
—
by
re
ta
rd
in
g
ru
no
ff
at
so
ur
ce
it
ma
y
be
—
re
ta
rd
in
g
ru
no
ff
on
fl
at
ro
of
s
wi
ll
po
ss
ib
le
to
re
du
ce
si
ze
of
st
or
m.
dr
ai
na
ge
re
su
lt
in
a
gr
ea
tl
y
in
cr
ea
se
d
lo
ad
,
fa
ci
li
ti
es
al
l
ov
er
si
te
th
us
al
lo
wi
ng
wh
ic
h
in
tu
rn
ma
y
re
su
lt
in
in
cr
ea
se
d
ur
ba
n
wa
sh
of
f
to
be
mo
re
co
nc
en
tr
at
ed
co
st
of
co
ns
tr
uc
ti
on
if
no
t
ot
he
rw
is
e
an
d
mo
re
re
ad
il
y
co
nt
ai
ne
d
fo
r
tr
ea
tm
en
t
pr
ov
id
ed
fo
r
in
th
e
bu
il
di
ng
co
de
—
re
du
ci
ng
ur
ba
n
ru
no
ff
pe
ak
s
al
so
-
th
e
st
or
ag
e
ca
pa
ci
ty
of
"f
in
da
ms
"
on
si
gn
if
ic
an
tl
y
de
cr
ea
se
s
er
os
io
n
sl
op
in
g
ro
of
is
to
o
sm
al
l
to
ef
fe
ct
—
in
cr
ea
se
d
co
ol
in
g
of
bu
il
di
ng
du
ri
ng
hy
dr
og
ra
ph
ed
ch
ar
ac
te
ri
st
ic
s
ex
ce
pt
su
mm
er
du
e
to
ev
ap
or
at
io
n
of
po
nd
ed
wa
te
r.
fo
r
ex
tr
em
el
y
sh
or
t
du
ra
ti
on
st
or
ms
.
C
a
p
i
t
a
l
C
o
s
t
s
O
p
e
r
a
t
i
n
g
a
n
d
M
a
i
n
t
e
n
a
n
c
e
C
o
s
t
s
In
le
t
de
vi
ce
s
co
st
$6
0
to
$1
00
ea
ch
wi
th
In
le
t
st
ru
ct
ur
es
mu
st
be
pe
ri
od
ic
al
ly
gr
av
el
ba
rr
ie
rs
in
th
e
$2
0
to
$3
0
ra
ng
e.
cl
ea
ne
d
of
de
br
is
.
  
P
r
e
v
i
o
u
s
E
x
p
e
r
i
e
n
c
e
Ro
of
to
p
po
nd
in
g
ri
ng
s
an
d
ba
rr
ie
rs
in
co
mm
on
us
e
fo
r
fl
at
to
p
bu
il
di
ng
s.
De
nv
er
,
Co
lo
ra
do
ha
s
do
ne
qu
an
ti
ta
ti
ve
re
se
ar
ch
.
So
ut
he
rn
On
ta
ri
o
ex
pe
ri
en
ce
is
wi
de
sp
re
ad
.
S
o
u
r
c
e
o
f
I
n
f
o
r
m
a
t
i
o
n
1
1
9
,
1
2
0
,
1
1
0
,
2
0
7
,
2
3
7
,
9
2
.
 
M  
.TII Dutch Drain (Gravel filled Ditches with optional Drainage
' 9 Pipe in Base)
 
Ke
yw
or
ds
Ur
ba
n,
Se
di
me
nt
s,
Ch
em
ic
al
s,
Nu
tr
ie
nt
s
 
App
lic
abl
e L
an
d
Us
e
Pol
lut
ant
Con
tro
lle
d
Urban Sediments
Chemicals
Nutrients
Description
Th
e
pu
rp
os
e
of
du
tc
h
dr
ai
ns
is
to
re
du
ce
th
e
vo
lu
me
of
st
or
m
ru
no
ff
an
d
to
re
du
ce
flo
odi
ng
by
inc
rea
sin
g i
nfi
ltr
ati
on_
The
dut
ch
dra
ins
int
erc
ept
she
et
run
off
pri
or
to
con
cen
tra
tio
n.
Thi
s
tec
hni
que
may
be
use
d o
n
sit
es
whe
re
per
mea
bil
ity
of
soi
l
is
suf
fic
ien
t
and
whe
re
sea
son
abl
y h
igh
wat
er
tab
les
are
not
ant
ici
pat
ed.
The
se
dra
ins
may
be
des
ign
ed
for
eit
her
max
imu
m
flo
w
or
des
ign
sto
rm
dep
th
and
thu
s
act
as
in—
fi
lt
ra
ti
on
ba
si
ns
wi
th
li
mi
te
d
ou
tf
lo
w
or
th
ey
ma
y
act
as
a
re
ta
rd
in
g
de
vi
ce
as
fa
r
as
the
red
uct
ion
of
flo
od
pea
ks
is
con
cer
ned
.
The
dra
in
is
bas
ica
lly
a g
ran
ula
r
fil
led
di
tc
h
co
ve
re
d
by
a
gr
at
e
or
co
ar
se
br
ic
k
co
ve
ri
ng
wi
th
su
ff
ic
ie
nt
op
en
in
g
sp
ac
es
to
al
lo
w
th
e
co
ll
ec
ti
on
an
d
co
nt
ai
nm
en
t
of
th
e
sh
ee
t
ru
no
ff
.
Th
e
di
tc
he
s
mu
st
ru
n
per
pen
dic
ula
r t
o t
he
dir
ect
ion
of
the
she
et
flo
w.
By
int
erc
ept
ing
the
pol
lut
ant
was
hof
f,
thi
s
tec
hni
que
can
red
uce
pol
lut
ant
con
tri
but
ion
s
to
wat
er
cou
rse
s
in
alm
ost
dir
ect
pro
por
tio
n
to
the
per
cen
tag
e
of
tot
al
run
off
whi
ch
the
y
con
tai
n.
Disadvantages
Un
le
ss
"a
t
so
ur
ce
"
se
ep
ag
e
fa
ci
li
ti
es
ar
e
ei
th
er
de
si
gn
ed
fo
r
la
rg
e
st
or
ms
or
in
co
r—
2)
En
ha
nc
es
gr
ou
nd
wa
te
r
su
pp
ly
.
po
ra
te
so
me
me
th
od
of
co
nt
ro
ll
ed
ru
no
ff
3)
Im
pr
ov
es
qu
al
it
y
of
ve
ge
ta
ti
on
on
si
te
.
re
li
ef
th
ey
ma
y
no
t
ef
fe
ct
iv
el
y
re
du
ce
by
in
cr
ea
si
ng
av
ai
la
bl
e
wa
te
r
in
gr
ou
nd
.
fl
oo
d
pe
ak
s
wh
en
on
e
st
or
m
fo
ll
ow
s
an
ot
he
r.
4)
Wi
ll
re
su
lt
in
a
re
du
ct
io
n
of
th
e
si
ze
ie
.
be
fo
re
th
e
di
tc
he
s
ha
ve
fu
ll
y
in
fi
lt
ra
t—
of
st
or
m
dr
ai
ns
re
qu
ir
ed
do
wn
sl
op
e
of
ed
an
d
ca
pa
ci
ty
is
fu
ll
y
re
tu
rn
ed
.
Du
tc
h
th
e
fa
ci
1i
ty
.
dr
ai
ns
ar
e
su
bj
ec
t
to
cl
og
gi
ng
du
e
to
se
di
-
me
nt
s
ca
rr
ie
d
in
th
e
sh
ee
t
ru
no
ff
.
Advantages
1)
Re
du
ce
s
th
e
to
ta
l
vo
lu
me
of
ru
no
ff
an
d
re
du
ce
s
pe
ak
in
g
ef
fe
ct
of
lo
ca
l
fl
oo
ds
.
Op
er
at
in
g
an
d
Ma
in
te
na
nc
e
Co
st
s
Si
nc
e
th
es
e
dr
ai
ns
ar
e
su
bj
ec
t
to
cl
og
gi
ng
fr
om
de
br
is
an
d
se
di
me
nt
,
co
ns
id
er
at
io
n
mu
st
be
gi
ve
n
to
re
pl
ac
em
en
t
or
re
—e
xc
av
a—
ti
on
pe
ri
od
ic
al
ly
,
in
th
e
or
de
r
of
ev
er
y
5
to
10
ye
ar
s
de
pe
nd
in
g
up
on
lo
ca
l
co
n—
ditions.
Capital Costs
Co
st
is
es
ti
ma
te
d
at
ab
ou
t
$0
.0
4
pe
r
1.
of
st
or
ed
wa
te
r
ie
.
ab
ou
t
$1
8
pe
r
om
.m
.
of trench constructed.
 
Previous Experience
Th
e
te
ch
ni
qu
e
is
ap
pl
ic
ab
le
to
th
e
Gr
ea
t
La
ke
s
Ba
si
n
an
d
ha
s
be
en
us
ed
to
da
te
pr
im
ar
il
y
fo
r
sm
al
l
ar
ea
sw
he
re
st
or
m
dr
ai
na
ge
ou
tl
et
ca
pa
ci
ty
is
li
mi
te
d.
  
So
ur
ce
of
In
fo
rm
at
io
n
92
,
11
0-
 
 
 
 
“
a
t
.
 
h
u
h
‘
"
n
s
z
w
j
‘
.
'
a
z
.
.
.
 
 Title
Porous Asphalt Paving
 
K
e
y
w
o
r
d
s
U
r
b
a
n
, T
r
a
n
s
p
o
r
t
a
t
i
o
n
,
R
e
c
r
e
a
t
i
o
n
,
S
e
d
i
m
e
n
t
s
,
C
h
e
m
i
c
a
l
s
  
A
p
p
l
i
c
a
b
l
e
L
a
n
d
U
s
e
P
o
l
l
u
t
a
n
t
C
o
n
t
r
o
l
l
e
d
U
r
b
a
n
S
e
d
i
m
e
n
t
s
T
r
a
n
s
p
o
r
t
a
t
i
o
n
C
h
e
m
i
c
a
l
s
Recreation
Description
T
h
e
p
u
r
p
o
s
e
o
f
p
o
r
o
u
s
p
a
v
i
n
g
i
s
t
o
i
n
c
r
e
a
s
e
m
a
y
b
e
u
s
e
d
t
o
r
e
d
u
c
e
t
h
e
n
e
e
d
f
o
r
s
e
p
a
r
a
t
i
o
n
o
f
s
t
o
r
m
a
n
d
s
a
n
i
t
a
r
y
s
e
w
e
r
s
,
e
s
p
e
c
i
a
l
l
y
i
n
t
h
e
c
a
s
e
w
h
e
r
e
t
h
e
s
y
s
t
e
m
i
s
a
l
r
e
a
d
y
o
v
e
r
l
o
a
d
e
d
.
r
u
n
o
f
f
m
a
y
s
t
i
l
l
b
e
g
e
n
e
r
a
t
e
d
a
n
d
p
r
o
v
i
s
i
o
n
s
m
u
s
t
b
e
m
a
d
e
f
o
r
o
v
e
r
f
l
o
w
.
free-draining sub—
p
a
v
i
n
g
i
s
a
n
a
s
p
h
a
l
t
a
n
d
a
g
g
r
e
g
a
t
e
m
i
x
s
u
c
h
t
h
a
t
v
o
i
d
s
r
e
q
u
i
r
e
m
e
n
t
c
e
r
t
a
i
n
l
y
f
o
r
d
r
a
i
n
a
g
e
i
s
p
r
o
v
i
d
e
d
.
P
o
r
o
u
s
a
r
e
m
a
i
n
t
a
i
n
e
d
t
h
r
o
u
g
h
t
h
e
m
i
x
t
u
r
e
a
n
d
w
a
t
e
r
is
a
l
l
o
w
e
d
T
h
e
s
u
r
f
a
c
e
o
f
t
h
e
p
o
r
o
u
s
p
a
v
e
m
e
n
t
m
u
s
t
b
e
c
l
e
a
n
e
d
r
e
g
u
l
a
r
l
y
a
n
d
a
f
t
e
r
e
a
c
h
s
t
o
r
m
u
s
i
n
g
a
v
a
c
u
u
m
t
h
e
s
u
r
f
a
c
e
m
a
t
e
r
i
a
l
i
n
t
o
t
h
e
s
u
b
-
b
a
s
e
.
f
a
c
e
p
o
r
o
s
i
t
y
a
s
g
r
e
a
t
a
s
p
o
s
s
i
b
l
e
.
D
e
g
r
e
e
o
f
p
o
l
l
u
t
i
o
n
c
o
n
t
r
o
l
i
n
p
e
a
k
f
l
o
w
s
a
n
d
t
h
e
p
e
r
c
e
n
t
a
g
e
o
f
r
o
a
d
w
a
y
d
i
r
e
c
t
l
y
i
n
t
o
t
h
e
s
u
b
g
r
a
d
e
a
n
d
u
n
d
e
r
l
y
i
n
g
s
o
i
l
.
d
e
p
e
n
d
e
n
t
u
p
o
n
s
i
t
e
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
a
n
d
f
r
e
q
u
e
n
c
y
o
f
c
l
e
a
n
i
n
g
.
e
f
f
i
c
i
e
n
c
y
i
s
r
e
l
a
t
e
d
i
n
f
i
l
t
r
a
t
i
o
n
a
n
d
t
o
r
e
d
u
c
e
f
l
o
o
d
p
e
a
k
s
.
I
t
D
u
r
i
n
g
v
e
r
y
i
n
t
e
n
s
e
s
t
o
r
m
s
s
o
m
e
There is a
b
a
s
e
a
n
d
u
n
d
e
r
l
y
i
n
g
s
o
i
l
s
u
n
l
e
s
s
l
a
t
e
r
a
l
t
o
i
n
f
i
l
t
r
a
t
e
f
r
e
e
l
y
t
h
r
o
u
g
h
t
y
p
e
r
o
a
d
s
w
e
e
p
e
r
t
o
k
e
e
p
s
u
r
—
t
o
t
h
e
r
e
s
u
l
t
i
n
g
p
e
r
c
e
n
t
a
g
e
r
e
d
u
c
t
i
o
n
c
o
n
t
a
m
i
n
a
n
t
w
h
i
c
h
a
r
e
a
b
l
e
t
o
i
n
f
i
l
t
r
a
t
e
A
b
s
o
l
u
t
e
v
a
l
u
e
s
f
o
r
e
f
f
i
c
i
e
n
c
y
a
r
e
Advantages
l)
R
e
d
u
c
e
s
t
h
e
t
o
t
a
l
v
o
l
u
m
e
o
f
r
u
n
o
f
f
f
r
o
m
paved area.
2)
C
a
n
r
e
d
u
c
e
p
e
a
k
i
n
g
e
f
f
e
c
t
a
n
d
e
n
h
a
n
c
e
g
r
o
u
n
d
w
a
t
e
r
s
u
p
p
l
y
.
3)
P
o
r
o
s
i
t
y
i
n
c
r
e
a
s
e
s
s
u
r
f
a
c
e
f
r
i
c
t
i
o
n
resistance.
4)
P
r
e
s
e
r
v
a
t
i
o
n
of
na
tu
ra
l
ur
b
a
n
d
r
a
i
n
a
g
e
patterns.
5)
S
a
v
i
n
g
s
in
d
e
s
i
g
n
c
o
s
t
s
.
Disadvantages
1)
Be
ne
fi
ts
or
ef
fi
ci
en
cy
of
fi
lt
er
in
g
ef
fe
ct
no
t
ye
t
cl
ea
rl
y
es
ta
bl
is
he
d.
2)
Wh
er
e
ru
no
ff
is
se
ve
re
ly
po
ll
ut
ed
th
is
pa
ve
me
nt
is
no
t
re
co
mm
en
de
d.
3)
Ce
rt
ai
n
ci
rc
um
st
an
ce
s
ca
n
le
ad
to
cl
og
-
gi
ng
an
d
re
du
ce
d
pe
rm
ea
bi
li
ty
.
Hi
gh
er
co
ns
tr
uc
ti
on
co
st
s
wh
er
e
cu
rb
s
necessary.
Su
sc
ep
ti
bl
e
to
fr
os
t
he
av
in
g.
4)
5)
Capital Costs
T
h
e
c
o
s
t
o
f
a
5
cm
.
p
o
r
o
u
s
a
s
p
h
a
l
t
t
o
p
p
i
n
g
is
e
s
t
i
m
a
t
e
d
at
$
6
.
6
0
p
e
r
sq
.m
.
as
c
o
m
p
a
r
e
d
to
$
4
.
0
0
p
e
r
sq
.m
.
fo
r
c
o
n
ve
n
t
i
o
n
a
l
as
ph
al
t.
P
o
r
o
u
s
a
s
p
h
a
l
t
a
l
s
o
r
e
q
u
i
r
e
s
a
h
e
a
v
i
e
r
s
ub
—
b
a
s
e
.
T
h
e
r
e
s
h
o
u
l
d
,
h
o
w
e
v
e
r
,
b
e
s
a
v
i
n
g
s
in
co
st
of
c
ur
b
i
n
g
an
d
st
or
m
wa
t
e
r
p
i
p
i
n
g
wh
i
c
h
ca
n
b
e
le
ss
ex
te
ns
iv
e.
T
h
e
h
i
g
h
e
r
co
st
of
p
o
r
o
us
as
ph
al
t
r
e
s
ul
t
s
f
r
o
m
it
s
ra
re
us
e
re
qu
ir
in
g
sp
ec
ia
l
mi
xi
ng
pl
an
t
op
e}
 
Op
er
at
in
g
a
n
d
M
a
i
n
t
e
n
a
n
c
e
C
o
s
t
s
-
Ef
fe
ct
iv
e
li
fe
sp
an
no
t
ye
t
do
cu
me
nt
ed
bu
t
le
ss
th
an
10
ye
ar
s
is
an
ti
ci
pa
te
d
du
e
to clogging.
-
Li
fe
sp
an
in
ar
ea
s
su
sc
ep
ti
bl
e
to
fr
ee
zi
ng
is
le
ss
th
an
co
nv
en
ti
on
al
as
ph
al
t
du
e
to
pr
ob
le
ms
wi
th
fr
eq
ue
nt
ly
sa
tu
ra
te
d
su
bg
ra
d~
ations.
‘4
P
r
e
v
i
o
u
s
E
x
p
e
r
i
e
n
c
e
Us
ag
e
ha
s
be
en
li
mi
te
d
to
re
se
ar
ch
fa
ci
li
ti
es
an
d
th
e
so
ut
he
rn
st
at
es
.'
No
si
gn
if
ic
an
t
in
st
al
la
ti
on
s
in
th
e
Gr
ea
t
La
ke
s
Ba
si
n
we
re
ho
we
ve
r
th
e
te
ch
ni
qu
e
ap
pe
ar
s
to
be
ap
pl
ic
ab
le
to
a
de
gr
ee
,
in
th
e
Ba
si
n.
S
o
u
r
c
e
o
f
I
n
f
o
r
m
a
t
i
o
n
1
1
0
,
2
0
7
,
2
2
1
,
2
3
7
,
9
2
.
4‘1
described in the literature researched
#
 
4 ‘
 Tl
ﬂe
Pr
ec
as
t
Co
nc
re
te
La
tt
ic
e
Bl
oc
ks
an
d
Br
ic
ks
5
 
Ke
yv
vo
rd
s
Ur
ba
n,
Tr
an
sp
or
ta
ti
on
,
Re
cr
ea
ti
on
,
Se
di
me
nt
s,
Nu
tr
ie
nt
s,
Er
os
io
n,
 
Ap
pl
ic
ab
le
La
nd
Us
e
Po
ll
ut
an
t
Co
nt
ro
ll
ed
Urb
an
Lak
esh
ore
and
Riv
erb
ank
Sed
ime
nts
Tr
an
sp
or
ta
ti
on
Er
os
io
n
Nu
tr
ie
nt
s
Recreation
Description
The
se
are
var
iou
s
typ
es
of
pre
cas
t
pav
ing
sla
bs
whi
ch
pro
vid
e
a h
ard
sur
fac
e
and
yet
ar
e
po
ro
us
to
va
ry
in
g
de
gr
ee
s
al
lo
wi
ng
gr
ea
te
r
in
fi
lt
ra
ti
on
th
an
co
nv
en
ti
on
al
pa
vi
ng
sy
st
em
s.
Th
es
e
ma
te
ri
al
s
ma
y
be
us
ed
in
a
wi
de
r
va
ri
et
y
of
wa
ys
th
an
po
ro
us
pa
vi
ng
.
Per
for
ate
d
sla
bs
on
a h
one
yco
mb
bas
e m
ay
be
use
d
to
cov
er
dut
ch
dra
ins
(Ca
tal
ogu
e
#3)
be
tw
ee
n
ar
ea
s
of
im
pe
rm
ea
bl
e
pa
vi
ng
(m
ak
in
g
a
la
tt
ic
e
of
pe
rm
ea
bl
e
pa
vi
ng
th
ro
ug
ho
ut
a p
ar
ki
ng
ar
ea
).
Br
ic
k
st
ri
ps
in
co
rp
or
at
in
g
tr
ee
pi
ts
ma
y
al
so
be
us
ed
in
si
mi
la
r
way
s.
The
se
pre
cas
t
hea
vin
gs
are
tol
era
ble
whe
re
pav
ing
or
wid
e
spr
ead
gra
vel
lin
g
is
no
t
de
si
ra
bl
e.
It
is
po
ss
ib
le
to
fi
ll
th
e
vo
id
s
of
th
e
la
tt
ic
e
wi
th
fr
ee
dr
ai
ni
ng
so
il
an
d
to
es
ta
bl
is
h
a
ve
ge
ta
ti
Ve
co
ve
r
th
er
eb
y
im
pr
ov
in
g
th
e
ae
st
he
ti
cs
of
so
me
pa
rk
in
g
lo
ts
.
Al
so
us
ed
fo
r
li
ni
ng
of
gr
as
s
sw
al
es
to
pr
ov
id
e
pr
ot
ec
ti
on
fr
om
er
os
io
n
an
d
fo
r
gr
as
s
ra
mp
s
wh
er
e
un
de
rl
in
ed
su
pp
or
t
is
re
qu
ir
ed
.
 
A
d
v
a
n
t
a
g
e
s
D
i
s
a
d
v
a
n
t
a
g
e
s
—
in
ca
se
of
la
tt
ic
e
bl
oc
ks
,
gr
as
s
ca
n
su
b-
Mo
st
of
th
es
e
ma
te
ri
al
s
ar
e
no
t
as
us
ef
ul
st
an
ti
al
ly
co
ve
r
si
te
as
po
ro
us
pa
ve
me
nt
fo
r
th
e
fo
ll
ow
in
g
~
fl
ex
ib
le
an
d
ca
n
wi
th
st
an
d
mo
ve
me
nt
re
as
on
s:
—
se
ct
io
ns
ca
n
be
li
ft
ed
to
pl
an
t
tr
ee
s,
pl
ac
e
st
re
et
si
gn
s,
et
c.
or
to
ma
in
ta
in
l)
ex
pe
ns
iv
e
an
d
di
ff
ic
ul
t
to
la
y
ut
il
it
y
be
ne
at
h
2)
pe
rm
ea
bi
li
ty
no
t
as
go
od
as
as
ph
al
t
~
te
nd
to
be
us
ed
wh
er
ec
oa
rs
ec
on
ve
nt
io
na
l
3)
on
ly
pe
rf
or
at
ed
sl
ab
s
on
a
ho
ne
yc
om
b
pa
ve
me
nt
is
no
t
ae
st
he
ti
ca
ll
y
su
it
ab
le
gi
ve
a
go
od
wa
lk
in
g
su
rf
ac
e
ca
pi
ta
l
C
o
s
t
s
Op
er
at
in
g
an
d
Ma
in
te
na
nc
e
Co
st
s
Th
e
co
st
of
pr
ec
as
t
la
tt
ic
e
co
nc
re
te
bl
oc
ks
Mi
ni
ma
l
wa
s
es
ti
ma
te
d
at
$6
.6
0
pe
r
sq
.m
.
wi
th
an
ad
di
ti
on
al
in
st
al
la
ti
on
.
co
st
of
$4
.8
0
pe
r
S
q
.
m
e
q
u
a
l
l
i
n
g
a
t
o
t
a
l
o
f
$
1
1
.
4
0
p
e
r
installed sq. m.
  
Previous Experience
Se
ve
ra
l
s
up
p
l
i
e
r
s
ar
e
av
ai
la
bl
e
in
O
n
t
a
r
i
o
an
d
th
e
n
o
r
t
h
e
r
n
st
at
es
wi
t
h
m
a
n
y
c
o
m
p
a
r
a
b
l
e
pr
od
uc
ts
.
Th
is
te
ch
ni
qu
e
ha
s
ga
in
ed
pO
pu
la
ri
ty
in
re
ce
nt
ye
ar
s
as
an
al
te
rn
at
iv
e
to
a
s
p
h
a
l
t
a
n
d
c
o
n
c
r
e
t
e
p
a
v
i
n
g
.
So
ur
ce
of
In
fo
rm
at
io
n
92
,
11
0-
 
..
  
11
ue
Se
ep
ag
e
Ba
si
n
or
Re
ch
ar
ge
Ba
si
n
(S
in
gl
e
Us
e)
6
 
Ke
yw
or
ds
Ur
ba
n,
Se
di
me
nt
s,
Nu
tr
ie
nt
s,
Ch
em
ic
al
s.
Ap
pl
ic
ab
le
La
nd
Us
e
Po
ll
ut
an
t
Co
nt
ro
ll
ed
Ur
ba
n
Se
di
me
nt
s
Nutrients /
Chemicals
 
Description
Th
e
pu
rp
os
e
is
to
al
lo
w
a
la
rg
e
pe
rc
en
ta
ge
of
an
nu
al
ra
in
fa
ll
to
re
ch
ar
ge
.
Ru
no
ff
is
co
ll
ec
te
d
pr
io
r
to
be
in
g
pa
ss
ed
in
to
th
e
ba
si
n
wh
ic
h
is
a
st
ru
ct
ur
al
ta
nk
ca
pa
bl
e
of
ho
ld
in
g
a
pr
ed
et
er
mi
ne
d
am
ou
nt
of
ru
no
ff
fo
r
in
fi
lt
ra
ti
on
in
to
th
e
un
de
rl
yi
ng
so
il
or
mo
st
pr
ob
ab
ly
an
aq
ui
fe
r.
Re
ch
ar
ge
ba
si
ns
ar
e
ex
te
ns
iv
el
y
us
ed
in
ur
ba
n
ar
ea
s
of
Lo
ng
Is
la
nd
to
re
ch
ar
ge
gr
ou
nd
wa
te
r
to
im
po
rt
an
t
aq
ui
fe
rs
.
Ge
ne
ra
ll
y,
pr
ov
id
ed
so
il
is
re
as
on
ab
ly
po
ro
us
,
a
re
ch
ar
ge
ba
si
n
ca
n
re
ch
ar
ge
la
rg
e
qu
an
ti
ti
es
of
wa
te
r
in
a
ve
ry
sh
or
t
ti
me
wi
th
ou
t
th
e
us
e
of
mu
ch
lan
d.
Th
e
si
zi
ng
of
th
e
ba
si
n
de
pe
nd
s
up
on
de
si
re
d
re
ta
rd
at
io
n
an
d
at
te
nu
at
io
n
of
ru
no
ff
pe
ak
s.
A
go
od
un
de
rs
ta
nd
in
g
of
hy
dr
-
ol
og
ic
de
si
gn
cr
it
er
ia
fo
r
th
e
ar
ea
is
re
qu
ir
ed
.
As
al
l
ba
si
ns
re
qu
ir
e
se
di
me
nt
tr
ap
s
it
is
po
ss
ib
le
to
pr
OV
id
e
an
ov
er
fl
ow
sy
st
em
fo
r
th
e
tr
ap
wh
ic
h
wo
ul
d
by
pa
ss
a
co
ns
id
-
er
ab
le
qu
an
ti
ty
of
ru
no
ff
if
th
e
ta
nk
be
co
me
s
ful
l.
A
co
ns
id
er
ab
le
am
ou
nt
of
re
ch
ar
ge
ca
n
oc
cu
r
th
ro
ug
h
th
e
si
de
wa
ll
of
th
e
ba
si
n
an
d
it
is
pr
ef
er
ab
le
th
at
th
es
e
sh
ou
ld
be
con
str
uct
ed
of
per
vio
us
mat
eri
al.
Gab
ion
bas
ket
s
hav
e b
een
fou
nd
as
ide
al
sid
ewa
lls
pro
vid
ing
oth
er
str
uct
ura
l
req
uir
eme
nts
can
be
mai
nta
ine
d.
The
bas
e
of
the
bas
in
mus
t
be
ke
pt
fr
ee
of
si
lt
th
er
ef
or
e
ex
te
ns
iv
e
ma
in
te
na
nc
e
is
re
qu
ir
ed
.
Po
ll
ut
an
t
co
nt
ro
l
ef
fi
ci
en
cy
is
pr
op
or
ti
on
al
to
th
e
de
gr
ee
of
to
ta
l
co
nt
am
in
en
t
of
ru
no
ff
th
at
th
e
fa
ci
li
ty
pr
ov
id
es
,
an
d
th
e
co
mp
on
en
t
of
th
e
ru
no
ff
,
ie.
"f
ir
st
fl
us
h"
that the basin receives.
Ad
va
nt
ag
es
_ D
is
ad
va
nt
ag
es
— b
eca
use
bas
ins
are
dee
per
tha
n s
eep
age
'
— s
eep
age
bas
in
is
gen
era
lly
reg
ard
ed
as
are
as
the
y o
per
ate
und
er
gre
ate
r h
ead
and
a s
ing
le
use
fac
ili
ty
man
age
d i
nte
nsi
vel
y
the
ref
ore
are
cap
abl
e o
f r
ech
arg
ing
a
for
rec
har
ge
gre
ate
r v
olu
me
of
wat
er
per
uni
t a
rea
in
— s
hou
ld
be
fen
ced
and
reg
ula
rly
mai
nta
ine
d
a gi
ven
tim
e
and
are
oft
en
una
ttr
act
ive
if
not
— s
eep
age
bas
ins
req
uir
e l
ess
lan
d a
rea
pro
per
ly
lan
dsc
ape
d
tha
n a
re
oft
en
use
d f
or
oth
er
inf
ilt
rat
-
— s
eep
age
bas
ins
nee
d c
ons
tan
t m
ain
ten
anc
e
ion
met
hod
s s
uch
as
por
ous
pav
eme
nt,
etc.
to
ens
ure
por
osi
ty
is
not
red
uce
d
- possible safety hazards
 
Cost Implications
Cos
ts
are
a f
unc
tio
n o
f v
olu
me
req
uir
ed,
dep
th
ava
ila
ble
, i
nfi
ltr
ati
on
cap
aci
ty
of
under
lying
and
later
al so
ils,
size
of re
quire
d sed
iment
trap,
amoun
t of
sedim
ent
expec
ted
to en
ter a
nd th
erefo
re d
egree
of ma
inten
ance
requi
red,
land
costs
, la
nd—
sca
pin
g r
equ
ire
men
ts,
etc
.
Est
ima
ted
cap
ita
l c
ost
s a
re
in
the
ran
ge
of
$10
100
to
$20
.00
per
cu.
m.
rec
har
ge
cap
aci
ty.
'
 
Previous Experience
This technique is widely applicable and has been used in various forms for many years.
 
So
ur
ce
of
In
fo
rm
at
io
n
19
,
11
0:
11
9,
10
8,
13
4,
13
3,
92
.
f
l
 
 liﬂe Recharge — Detention Storage Basins (Multi~Use) 7
 
|(eyvvords Urban, Agriculture, Sediments, Nutrients, Chemicals
Applicable Land Use Pollutant Controlled
Urban Sediments
Agriculture Nutrients
Chemicals
 
Description
Multi—use recharge basins are large downstream impoundment areas for the temporary
storage and infiltration of storm runoff. Recharge basins can only be effectively
used where infiltration characteristics are favourable. These facilities are often
used as a detention storage facility primarily with recharge as a secondary benefit.
Recharge basins are designed on the basis of the desired storm runoff volume to be
contained and recharged and/or the degree of retardation of the flood peak. Sediment
traps are required to minimize clogging of the basin bottom and extensive maintentance
is needed both to maintain permeability and to clean debris to facilitate other open
space uses of the basin. Proper design of the inlet to prevent scour of the basin floor
is important and will reducemaintenance. The establishment of dense turf on the
basin side slopes is recommended.
Disadvantages
— method does not take advantage of filter-
Advantages
—
wh
en
re
ch
ar
ge
ba
si
n
ha
s
be
ne
fi
ts
in
di
s—
po
si
ng
st
or
m
wa
te
r
as
we
ll
as
re
ch
ar
gi
ng
aq
ui
fe
r
sy
st
em
it
ca
n
be
an
ec
on
om
ic
al
ly
at
tr
ac
ti
ve
me
th
od
of
co
ns
er
vi
ng
gr
ou
nd
a
surface water resources
often.recharge basins can be constructed
in a borrow pit as part of a major con—
st
ru
ct
io
n
pr
oj
ec
t
or
pr
ev
io
us
bo
rr
ow
pi
t
can be put touse as recharge basins
ing effect of the soil therefore is a
risk of pollution where recharge water is
of variable quality
basins extremely susceptible to clogging
unless recharge water is fairly free of
sediment G the basin is maintained
frequently
Capital Costs
Costs consist of volume of excavation
required, amount of site preparation
ne
ed
ed
,
la
nd
sc
ap
in
g
re
qu
ir
em
en
ts
,
ou
tf
al
l
structure detail and soils encountered.
 
Operating and Maintenance Costs
Sediments should be removed from the
basin floor regularly. Lightequipment
should be used in removal operation.
Growth ofalgae has been a problem where
there is a continuous summer inflow from
domestic watering.
Previous Experience
-
de
si
gn
me
th
od
ol
og
y
an
d
cr
it
er
ia
we
ll
do
cu
me
nt
ed
-
ma
ny
in
st
al
la
ti
on
s
th
ro
ug
ho
ut
No
rt
h
Am
er
ic
a
 
Source of Information
11
0,
14
6,
14
3,
10
8,
13
4,
12
2,
92
.
 
f
.
“
-
,
~
e
-
.
a
?
-
a
,
.
.
m
i
.
“
.
.
.
_
_
.
  
a
u
—
h
a
m
i
é
é
q
a
t
n
r
;
1
'
;
-
l
e
m
;
.
.
a
M
N
  
 1
1
ﬂ
e
S
e
e
p
a
g
e
P
i
t
s
o
r
D
r
y
W
e
l
l
s
 
K
e
y
w
o
r
d
s
U
r
b
a
n
,
S
e
d
i
m
e
n
t
s
,
N
u
t
r
i
e
n
t
s
,
C
h
e
m
i
c
a
l
s
.
A
p
p
l
i
c
a
b
l
e
L
a
n
d
U
s
e
 
P
o
l
l
u
t
a
n
t
C
o
n
t
r
o
l
l
e
d
U
r
b
a
n
S
e
d
i
m
e
n
t
s
Nutrients
Chemicals
Description
S
e
e
p
a
g
e
p
i
t
s
or
d
r
y
we
ll
s
ar
e
pi
ts
u
s
u
a
l
l
y
f
i
l
l
e
d
wi
th
gr
av
el
or
r
u
b
b
l
e
an
d
ar
e
so
me
-
S
e
e
p
a
g
e
p
i
t
s
c
o
l
l
e
c
t
r
u
n
o
f
f
a
n
d
s
t
o
r
e
it
u
n
t
i
l
it
p
e
r
c
o
l
a
t
e
s
i
n
t
o
t
h
e
so
il
b
ut
un
l
i
k
e
du
tc
h
dr
ai
ns
s
e
e
p
a
g
e
p
i
t
s
do
no
t
co
nd
uc
t
w
a
t
e
r
al
on
g
th
e
le
ng
th
w
h
e
n
T
h
e
y
ar
e
c
o
n
s
t
r
uc
t
e
d
as
a
pi
t
b
a
c
k
f
i
l
l
e
d
wi
th
gr
av
el
wi
t
h
an
in
le
t
p
r
e
c
e
e
d
e
d
T
h
e
in
le
t
to
t
h
e
se
di
me
nt
tr
ap
co
me
s
d
i
r
e
c
t
l
y
O
ve
r
f
l
o
w
p
r
o
v
i
s
i
o
n
is
T
h
e
s
e
pi
ts
m
a
y
be
us
ed
wh
e
r
e
p
e
r
m
e
a
b
i
l
i
t
y
of
so
il
is
s
uf
f
i
c
i
e
n
t
an
d
w
h
e
r
e
se
as
on
al
ly
hi
gh
wa
te
r
ta
bl
es
ar
e
no
t
an
ti
ci
pa
te
d.
Se
ep
ag
e
pi
ts
ar
e
of
te
n
de
si
gn
ed
to
ac
co
mm
od
at
e
ma
xi
mu
m
de
si
gn
fr
eq
ue
nc
y
st
or
m
of
24
ho
ur
s
in
du
ra
ti
on
or
th
ey
ma
y
be
de
si
gn
ed
to
al
lo
w
fo
r
in
fi
lt
ra
ti
on
to
at
te
mp
t
to
ma
in
ta
in
ru
no
ff
at
pr
ed
ev
el
op
me
nt
P
o
l
l
u
t
a
n
t
c
o
n
t
r
o
l
e
f
f
i
c
i
e
n
c
y
is
p
r
o
p
o
r
t
i
o
n
a
l
to
t
h
e
d
e
g
r
e
e
o
f
t
o
t
a
l
r
u
n
o
f
f
c
o
n
t
a
i
n
m
e
n
t
t
h
a
t
t
h
e
f
a
c
i
l
i
t
y
c
a
n
a
c
c
o
m
m
o
d
a
t
e
.
times cased.
filled.
b
y
a
s
e
d
i
m
e
n
t
t
r
a
p
t
o
p
r
e
v
e
n
t
c
l
o
g
g
i
n
g
.
from roof downspouts.
'impeded.
levels.
ma
de
so
th
at
ro
of
dr
ai
na
ge
wi
ll
no
t
be
Advantages
-
if
pr
op
er
ly
de
si
gn
ed
,s
ee
pa
ge
pi
ts
ma
y
re
du
ce
lo
ca
l
fl
oo
d
pe
ak
s
—
en
ha
nc
e
gr
ou
nd
wa
te
r
su
pp
ly
—
in
so
me
ca
se
s
ma
y
el
im
in
at
e
th
e
ne
ed
fo
r
st
or
m
dr
ai
ns
or
re
du
ce
si
ze
of
st
or
m
drains necessary
Disadvantages
—
un
le
ss
ve
ry
la
rg
e
(e
qu
iv
al
en
t
to
at
le
as
t
5
cm
.
of
“
ru
no
ff
fr
om
im
pe
rm
ea
bl
e
su
r—
fa
ce
s
dr
ai
ne
d)
it
ma
y
no
t
re
su
lt
in
a
reduction of flood peaks
-
se
ep
ag
e
pi
ts
ar
e
li
ab
le
to
cl
og
gi
ng
by
se
di
me
nt
s
un
le
ss
it
is
a
di
re
ct
co
nn
ec
t-
ion from roof downpipes
Capital Costs
Co
st
s
wi
ll
be
si
mi
la
r
to
th
os
e
as
so
ci
at
ed
wi
th
du
tc
h
dr
ai
ns
in
th
e
or
de
r
of
$1
5”
—
$1
9
pe
r
cu
.m
.
of
pi
t
or
$3
0
to
$4
0
pe
r
cu
.m
of water stored.
 
Op
er
at
in
g
an
d
Ma
in
te
na
nc
e
Co
st
s
Du
e
to
cl
og
gi
ng
po
te
nt
ia
l,
pr
ov
is
io
n
mu
st
be
ma
de
fo
r
pe
ri
od
ic
re
pl
ac
em
en
t
or
re
—
excavation.
 
Previous Experience
In
co
mm
on
us
e,
pa
rt
ic
ul
ar
ly
in
co
mm
un
it
ie
s
wi
th
ou
t
st
or
m
se
we
rs
.
Source of Information
11
0,
14
6,
14
3,
10
8,
13
4,
14
0,
92
.
 
  
11ﬂe Pits, Gravity Shafts, Trenches and Tile Fields 9
 
Keywords Urban, Sediments, Nutrients, Chemicals.
 
App
lic
abl
e L
an
d U
se
Pol
lut
ant
Con
tro
lle
d
Urban Sediments
Nutrients
Chemicals
Description
The purpose of these techniques is to recharge storm drainage to shallow aquifers
where surface conditions are favourable. These techniques can mostly be used only
where the aquifer is within two metres of the surface (gravity shafts may be deeper),
thus,
these
techn
iques
are g
enera
lly
for u
se on
natur
al a
quife
r re
charg
e and
borde
r—
ing areas.
In most cases these measures are sufficiently cheap to replace when the infiltration
rate
becom
es t
oo lo
w. H
oweve
r, w
here
perio
dic m
ainte
nance
is ch
eaper
some
modif
icat-
ion
may
be n
eces
sary
.
For
inst
ance
, re
vers
e fi
lter
s s
houl
d be
appl
ied
to t
he b
otto
m
whe
rei
n c
oar
se
gra
vel
is
pla
ced
at
the
bot
tom
red
uci
ng
to
pea
—gr
ave
l a
nd
med
ium
san
d
in the upper 2—3 metres.
Ad
va
nt
ag
es
Di
sa
dv
an
ta
ge
s
— i
nex
pen
siv
e t
o c
ons
tru
ct,
doe
s n
ot
— p
its
and
tre
nch
es
mus
t p
ene
tra
te
wel
l i
n—
rel
y o
n c
ost
ly
mai
nte
nan
ce
pro
gra
ms
to
aqu
ife
r
— ma
y of
ten
be a
band
oned
and
reco
nstr
ucte
d
— sh
afts
and
pits
may
be b
ackf
ille
d wi
th
— v
ert
ica
l s
ide
wal
ls
sel
f c
lea
nin
g a
nd
gra
nul
ar
mat
eri
al
but
may
cau
se
ser
iou
s
sho
w p
rom
ise
whe
re
clo
ggi
ng
is
pro
ble
m
loss
of
hea
d w
hic
h i
n t
urn
wil
l r
edu
ce
— u
se
of
sma
ll
dia
met
er
sha
llo
w h
ole
s v
ery
inf
ilt
rat
ion
rat
e
enc
our
agi
ng
— w
ith
the
exc
ept
ion
of
til
e f
iel
ds,
all
- i
nex
pen
siv
e t
o i
nst
all
and
can
be
aba
nd—
mea
sur
es
mus
t b
e l
and
sca
ped
car
efu
lly
to
one
d a
nd
reb
ore
d w
hen
clo
gge
d
fit
dev
elo
pem
ent
- m
ay
be
saf
ety
haz
ard
s
ca
pi
ta
l C
os
ts
Op
er
at
in
g
an
d
Ma
in
te
na
nc
e
Co
st
s
 
A
se
ep
ag
e
pi
t
of
mi
ni
mu
m
50
cu
.m
.
ca
pa
ci
ty
co
st
s
in
th
e
or
de
r
of
$2
0.
00
pe
r
cu
.m
.
of
st
or
ag
e.
Ca
pi
ta
l
co
st
s
ar
e
no
t
av
ai
la
bl
e
fo
r
ot
he
r
te
ch
ni
qu
es
as
th
ey
ar
e
ve
ry
si
te
specific.
— replace filter material periodically
due to clogging.
 
Previous Experience
Co
mm
on
ly
us
ed
pa
rt
ic
ul
ar
ly
in
co
mm
un
it
ie
s
wi
th
ou
t
st
or
m
se
we
rs
.
  
S
o
u
r
c
e
of
In
fo
rm
at
io
n
92
,
11
0,
13
4,
14
0
 
 10
  
wa
te
r
di
re
ct
ly
in
to
th
e
wa
te
r
be
ar
in
g
st
ra
ta
used in an area which overlies a
depth. Water used for injection
water, or better. The injection
the storm water, the river water
under high pressure and out into
~ the temperature and c
aq
ui
fe
r
un
fi
t
fo
r
ne
ar
by
co
ns
um
pt
iv
e
use
s.
must be of
11
ﬂe
Re
ch
ar
ge
of
Ex
ce
ss
Ru
no
ff
by
a
Pr
es
su
re
In
je
ct
io
n
We
ll
K
e
y
w
o
r
d
s
U
r
b
a
n
,
N
u
t
r
i
e
n
t
s
,
C
h
e
m
i
c
a
l
s
.
Ap
pl
ic
ab
le
L
a
n
d
U
s
e
Po
ll
ut
an
t
Co
nt
ro
ll
ed
Ur
ba
n
Nu
tr
ie
nt
s
Chemicals
Description
Th
e
pu
rp
os
e
of
pr
es
su
re
in
je
ct
io
n
we
ll
s
is
to
re
ch
ar
ge
gr
ou
nd
wa
te
r
by
in
je
ct
in
g
th
e
wa
te
r
be
ar
in
g
fo
rm
at
io
n
an
d
is
at
a
re
as
on
ab
le
we
ll
s
ar
e
th
e
re
ve
rs
e
of
wa
te
r
su
pp
ly
we
ll
s
in
th
at
or
ev
en
se
wa
ge
ef
fl
ue
nt
is
in
je
ct
ed
in
to
th
e
we
ll
th
e
aq
ui
fe
r
fo
rm
at
io
n
be
lo
w.
Ca
re
mu
st
be
ta
ke
n
th
at
hem
ica
l
con
tam
ina
tio
n
of
the
inj
eCt
ed
wat
er
doe
s
not
ren
der
the
un
de
r
pr
es
su
re
.
Th
is
te
ch
ni
qu
e
ma
y
be
a
qu
al
it
y
co
mp
at
ib
le
wi
th
ex
is
ti
ng
gr
ou
nd
-
Advantages
—
th
e
sa
me
we
ll
s
ma
y
be
us
ed
fo
r
in
je
ct
io
n
(during water rich periods) as for with—
drawal (during water scarce periods) as
long as water quality of the injected
water is suitable
the technique is applicable to areas
which are not directly on the outcrop
of an aquifer or in highly“permeable
soils
Disadvantages
expensive installation and must be very
carefully monitored and maintained to
avoid loss of efficiency
Very vulnerable to pollution of ground-
water
effectiveness depends on aquifer charact-
eristics
very susceptible to clogging by sediments
or bacterial or chemical deposits
Capital Costs
Very high - dependent upon geOlogy, depthof
well pretreatment facilities, capacity,
etc.
Operating and Maintenance Costs
Major maintenance costs result from:
clogging from sediments
sealing of aquifer by pollutants which
may react with the soil chemicals
clarification of recharged waters using
polyelectrolitic polymers — about $13
per million litres
 
Previous Experience
locations in Great Lakes Basin.
So
ur
ce
of
In
fo
rm
at
io
n
14
0,
14
5,
92
.
 
Te
ch
ni
qu
e
us
ed
in
lo
ca
ti
on
s
wh
er
e
gr
ou
nd
wa
te
r
augmentation is needed. No known
#4
 
—
—
—
—
é
 11u
e
Con
ser
vat
ion
Con
str
uct
ion
Pra
cti
ces
11
 
|(eyvvords Urban Construction, Transportation, Extractive, Forestry, Sediments.
App
lic
abl
e L
and
Use
Poll
utan
t C
ont
rol
led
Urban Construction Lakeshore G Riverbank Sediments
Transportation Erosion
ExtractiVe
Forestry
 
Description
The purpose of these measures is to reduce the generation of sediments by minimizing
the areas stripped during construction and filtering or diverting runoff from large
stripped areas. These techniques can be applied to all sites undergoing construction
especially those where there are large areas stripped of vegetation at any one time.
Minimization of stripped areas is accomplished by careful programming of the develop—
ment and phasing of construction to ensure minimal area is disnxrbed prior to revege—
tation. Conservation of topsoil is achieved by stripping it from areas to be regraded
or disturbed (ie. by the installation of services), and stockpiled in concise piles
for respreading at a later date. By concentrating the topsoil piles into limited
areas it is easier to control the sediment and runoff than if it were more widely dis—
turbed. Straw bale filters are rows of straw bales which are stacked tightly together
lengthwise perpendicular to the prevailing ground slope. Usually a double row of
straw, for removal of sediment, is necessary, particularly when used on long slopes. Wher
their usefulness is finished, the straw may then be used for mulching of the area when
it is to be finally seeded. May reduce bank erosion and instability during and
following ditching operations. Sediment control efficiency may be very high for low
intensity storms if techniques are applied intensively.
Ad
va
nt
ag
es
Di
sa
dv
an
ta
ge
s
l) A vegetative cover will minimize erosion,1) Economy of scale for earthmoving machines
thus minimizing the area of bare ground are such that all earthmoving done at one
at any one time during construction ' time.
which reduces the erosion potential. 2) Straw bale barriers or diversions may
2) Minimizing erosion on site and limiting limit the manouverability of equipment
the amount of sediment being carried off on the site.
by runoff maybe cost effective by 3) May obstruct site operations and there—
elim
inat
ing
the
need
for
regr
adin
g an
d
fore
requ
ire
doub
le h
andl
ing.
downstream drainage claims.
Ca
pi
ta
l
Co
st
s
Op
er
at
in
g
an
d
Ma
in
te
na
nc
e
Co
st
s
Minimization of stripped areas is a manage-
ment technique which is not costed due to
site specific requirements. Conservation
0f
to
ps
oi
l:
es
ti
ma
te
d
$1
.2
5-
$1
.6
5
pe
r
cu.
met
re
to
str
ip
and
rep
lac
e.
Str
aw
bal
es
for
filter construction: estimated cost $1.50-
$2.00 per bale installed.
 
Previous Experience
Technique is applicable throughout the Great Lakes Basin and is being widely used.
Acceptance of the additional inconvenience is slowly being gained by contractors.
Source of Information 92’ 38’ 107’ 108’ 110’ 133’ 180'
  
 T
i
ﬂ
e
T
e
m
p
o
r
a
r
y
M
u
l
c
h
i
n
g
a
n
d
S
e
e
d
i
n
g
o
f
S
t
r
i
p
p
e
d
A
r
e
a
s
1
2
 
l
(
e
y
v
v
o
r
d
s
U
r
b
a
n
,
T
r
a
n
s
p
o
r
t
a
t
i
o
n
,
E
x
t
r
a
c
t
i
v
e
,
F
o
r
e
s
t
r
y
,
S
e
d
i
m
e
n
t
s
.
A
p
p
l
i
c
a
b
l
e
L
a
n
d
U
s
e
P
o
l
l
u
t
a
n
t
C
o
n
t
r
o
l
l
e
d
Ur
ba
n
Se
di
me
nt
s
Tr
an
sp
or
ta
ti
on
(C
on
st
ru
ct
io
n)
Extractive
Forestry
 
Description
T
h
e
p
u
r
p
o
s
e
o
f
t
h
i
s
t
e
c
h
n
i
q
u
e
is
t
o
r
e
d
u
c
e
t
h
e
e
r
o
s
i
o
n
o
n
s
i
t
e
s
w
h
i
c
h
r
e
m
a
i
n
b
a
r
e
u
p
t
o
1
2
m
o
n
t
h
s
.
I
t
i
s
a
l
s
o
u
s
e
f
u
l
f
o
r
t
h
e
s
t
a
b
i
l
i
z
a
t
i
o
n
o
f
t
e
m
p
o
r
a
r
y
s
t
o
c
k
p
i
l
e
s
o
f
s
p
o
i
l
o
r
t
o
p
s
o
i
l
.
A
l
l
a
r
e
a
s
w
h
i
c
h
w
o
u
l
d
r
e
m
a
i
n
o
p
e
n
f
o
r
m
o
r
e
t
h
a
n
s
i
x
m
o
n
t
h
s
o
n
s
t
e
e
p
l
y
s
l
o
p
i
n
g
o
r
h
i
g
h
l
y
e
r
o
d
a
b
l
e
s
i
t
e
s
s
h
o
u
l
d
b
e
m
u
l
c
h
e
d
o
r
s
e
e
d
e
d
.
S
t
r
a
w
i
s
t
h
e
m
o
s
t
c
o
m
m
o
n
l
y
u
s
e
d
m
u
l
c
h
.
I
t
i
s
s
p
r
e
a
d
a
t
t
h
e
r
a
t
e
o
f
a
b
o
u
t
3
0
0
t
o
3
7
5
b
a
l
e
s
p
e
r
h
a
a
n
d
d
i
s
k
e
d
i
n
t
o
t
h
e
s
u
r
f
a
c
e
o
f
t
h
e
s
o
i
l
.
A
r
e
a
s
w
h
i
c
h
a
r
e
s
u
b
j
e
c
t
t
o
c
o
n
t
i
n
u
o
u
s
w
e
a
r
b
y
c
o
n
s
t
r
u
c
t
i
o
n
t
r
a
f
f
i
c
,
s
h
o
u
l
d
b
e
t
r
e
a
t
e
d
i
n
a
s
i
m
i
l
a
r
w
a
y
a
s
c
o
n
s
t
r
u
c
t
i
o
n
r
o
a
d
s
r
e
c
e
i
v
i
n
g
a
d
r
e
s
s
i
n
g
o
f
c
r
u
s
h
e
d
s
t
o
n
e
or
i
n
c
o
r
p
o
r
a
t
i
n
g
d
i
v
e
r
s
i
o
n
b
e
r
m
s
at
r
e
g
u
l
a
r
i
n
t
e
r
v
a
l
s
to
i
n
t
e
r
c
e
p
t
l
o
n
g
i
t
u
d
i
n
a
l
r
u
n
o
f
f
.
D
e
p
e
n
d
i
n
g
o
n
t
h
e
a
r
e
a
o
f
t
h
e
c
o
u
n
t
r
y
,
t
e
m
p
o
r
a
r
y
s
e
e
d
-
in
gs
w
i
t
h
ba
rl
ey
,
wh
ea
t,
ry
e,
ry
eg
ra
ss
,
su
da
n
gr
as
s,
b
uc
k
wh
e
a
t
,
oa
ts
or
b
r
o
m
e
g
r
a
s
s
at
r
a
t
e
s
r
a
n
g
i
n
g
f
r
o
m
38
t
o
68
k
g
p
e
r
h
a
c
a
n
g
i
v
e
r
a
p
i
d
v
e
g
e
t
a
t
i
v
e
c
o
v
e
r
a
n
d
a
u
s
e
f
u
l
gr
ee
n
f
e
r
t
i
l
i
ze
r
fo
r
i
n
c
o
r
p
o
r
a
t
i
o
n
in
to
th
e
so
il
d
ur
i
n
g
fi
na
l
gr
ad
in
g.
It
is
e
s
t
i
m
a
t
e
d
th
at
50
to
75
%
o
f
th
e
s
e
d
i
m
e
n
t
g
e
n
e
r
a
t
e
d
f
r
o
m
t
h
e
s
t
r
i
p
p
e
d
a
r
e
a
c
o
ul
d
b
e
c
o
n
t
r
o
l
l
e
d
b
y
a
go
od
co
ve
ri
ng
of
se
ed
an
d
mu
lc
h.
Th
e
th
ic
ke
r
th
e
ap
pl
ic
at
io
n
of
mu
lc
h,
th
e
hi
gh
er
th
e
in
it
ia
l
r
e
d
u
c
t
i
o
n
of
s
e
d
i
m
e
n
t
g
e
n
e
r
a
t
i
o
n
,
h
o
w
e
v
e
r
e
xc
e
s
s
i
ve
t
h
i
c
k
n
e
s
s
e
s
of
m
u
l
c
h
wi
ll
i
m
p
e
d
e
s
e
e
d
g
e
r
m
i
n
a
t
i
o
n
an
d
gr
ow
th
.
A
d
va
n
t
a
g
e
s
Di
sa
dv
an
ta
ge
s
-
is
a
re
la
ti
ve
ly
ch
ea
p
fo
rm
of
er
os
io
n
—
as
a
te
mp
or
ar
y
co
ve
r
cr
op
it
is
so
wn
on
co
nt
ro
l
bu
t
sh
ou
ld
on
ly
be
us
ed
wh
er
e
su
bs
oi
l
an
d
in
mo
st
ca
se
s
gr
ow
th
is
of
te
n
fi
na
l
gr
ad
in
g
an
d
se
ed
in
g
is
no
t
po
ss
ib
le
po
or
un
le
ss
he
av
y
ap
pl
ic
at
io
ns
of
—
ve
ge
ta
ti
on
wi
ll
no
t
on
ly
pr
ev
en
t
er
os
io
n
fe
rt
il
iz
er
an
d
li
me
ar
e
ma
de
wh
il
e
se
ed
—
fr
om
oc
cu
rr
in
g
bu
t
wi
ll
al
so
tr
ap
se
di
—
in
g
me
nt
in
ru
no
ff
fr
om
ot
he
r
pa
rt
s
of
si
te
—
on
ce
se
ed
ed
,
ar
ea
s
ca
nn
ot
be
us
ed
fo
r
-
te
mp
or
ar
y
mu
lc
hi
ng
an
d
se
ed
in
g
of
fe
rs
he
av
y
tr
af
fi
c
wi
th
ou
t
de
st
ro
yi
ng
th
e
ra
pi
d
pr
ot
ec
ti
on
to
op
en
ar
ea
s
fo
r
bo
th
co
ve
r.
sh
ee
t
er
os
io
n
an
d
wi
nd
er
os
io
n
  
C
o
s
t
I
m
p
l
i
c
a
t
i
o
n
s
Co
st
s
of
se
ed
in
g
an
d
mu
lc
hi
ng
ar
e
in
th
e
or
de
r
of
$.
25
to
$.
50
pe
r
sq
.m
.
if
us
ed
wi
th
a
hy
dr
os
ee
de
r
ty
pe
de
vi
ce
.’
It
‘i
s
in
th
e
or
de
r
of
$.
12
pe
r
sq
.m
.
if
ag
ri
cu
lt
ur
al
eq
ui
p-
ment can be used.
Previous Experience
Th
is
te
ch
ni
qu
e
is
wi
de
ly
us
ed
th
ro
ug
ho
ut
th
e
Gr
ea
t
La
ke
s
Ba
si
n.
 
S
o
ur
c
e
of
In
fo
rm
at
io
n
19
1,
38
,
10
2,
10
8.
11
0,
12
0,
12
8,
18
0,
10
6,
23
2,
92
,
4 "
 Title
13
 
Conservation Cultivation Practices on Steep Slopes
Keyvvords Urban, Transportation, Agriculture Forestry, Sediments.
Pollutant Controlled
Sediments
Applicable Land Use
Urban
Transportation
Agriculture
Forestry
 
Description
These are techniques used during the construction period on areas which may be bare for
periods too short to make use of temporary mulches or cover crops. Careful cultivation
can in these cases, greatly reduce the volume of sediment generated on the area.
This technique is based upon three general management practices. 1) Direction of 7
Cultivation: generally where it is not hazardous for the operator, cultivation should
be along the contour leaving the surface as rough as possible for the purpose required.
2) Type ofCultivation: The base soils should never be left with a finer surface
texture than is absolutely necessary thus if harrowing provides a sufficiently fine
seed bed for germination but too rough for mowing it may be better to allow germination
to ta
ke pl
ace
on th
e rou
gh se
ed be
d and
roll
thoro
ughly
after
germi
natio
n ra
ther
than
crea
ting
a ve
ry f
ine
eros
ion
pron
e se
ed b
ed w
ith
a ch
ain
harr
ow.
This
tech
niqu
e al
so
appl
ies
to a
reas
susc
epti
ble
to w
ind
eros
ion.
Deep
chis
elin
g or
ripp
ing
as a
cult
ivat
ic
tech
niqu
e c
an t
empt
nari
ly i
mpro
ve t
he w
ater
inta
ke r
ate
of t
he s
oil.
3) Z
ero
Cult
ivat
ior
Tech
niqu
e or
Mini
mum
Cult
ivat
ion
Tech
niqu
e: w
here
land
form
s ar
e at
exce
ssiv
e gr
ades
but
it i
s de
sire
d to
chan
ge t
he v
eget
atio
n co
ver,
cult
ivat
ion
maybe
quit
e un
nece
ssar
y.
Exis
ting
vege
tati
on m
ay b
e ki
lled
when
grow
ing
stro
ngly
with
the
tota
l co
ntac
t
herb
icid
e.
It i
s pr
efer
able
to d
isk
harr
ow a
t le
ast
once
.
This
cuts
exis
ting
veg
eta
tio
n i
nto
the
soi
l
whe
re
it
act
s a
s a
mul
ch.
Res
eed
ing
can
the
n b
e c
arr
ied
out
at
the
sam
e
tim
e w
ith
the
app
rop
ria
te
fer
til
iza
tio
n.
l
Ad
va
nt
ag
es
Di
sa
dv
an
ta
ge
s
ca
re
fu
ll
at
te
nt
io
n
to
cu
lt
iv
at
io
n
te
ch
nq
iu
es
wi
ll
pa
y
de
ve
lo
pe
r.
on
e
of
ch
ea
pe
st
an
d
si
mp
le
st
me
th
od
s
of
er
os
io
n
co
nt
ro
l
on
si
te
wi
th
on
ly
sl
ig
ht
er
os
io
n
ha
za
rd
an
d
a
wo
rt
hw
hi
le
su
pp
le
—
me
nt
ar
y
me
as
ur
e
on
mo
re
cr
it
ic
al
si
te
s.
  
Cost Implications
Thi
s
tec
hni
que
can
not
be
rea
dil
y
inc
orp
ora
ted
as
a d
eve
lop
men
t
cos
t.
It
is
gen
era
lly
us
ed
by
fi
el
d
su
pe
rv
is
or
s
on
a
as
-n
ee
de
d
ba
si
s
an
d
as
a m
an
ag
em
en
t
te
ch
ni
qu
e.
No
gr
ea
t
ad
di
ti
on
al
co
ns
tr
uc
ti
on
cos
ts
are
in
cu
rr
ed
si
nc
e
th
e
me
as
ur
e
ma
ke
s
us
e
of
exi
sti
ng
equ
ipm
ent
and
per
son
nel
nor
are
mai
nte
nan
ce
cos
ts
inv
olv
ed
as
thi
s
is
an
interim measure.
Previous Experience
This
tech
niqu
e is
appl
icab
le t
hrou
ghou
t th
e Gr
eat
Lake
s Ba
sin
and
shou
ld b
e wi
dely
practiced. However, due to short term nature of problem such prevention techniques
are
ofte
n ov
erlo
oked
in f
avou
r of
some
type
of "
in t
rans
port
" te
chni
que,
such
as a
sedimentation basis.
 
Source of lnforrnation 182, 110, 1:19, 102, 120: 137: 92-
1'1
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ue
Te
mp
or
ar
y
Di
ve
rs
io
ns
on
St
ee
pl
y
Sl
op
in
g
Si
te
s
a
Te
mp
or
ar
y
Gh
ut
es
l4
 
|(
ey
vv
or
ds
Ur
ba
n,
Tr
an
sp
or
ta
ti
on
,
Ag
ri
cu
lt
ur
e,
Se
di
me
nt
s,
Er
os
io
n,
Ex
tr
ac
ti
ve
 
'
I
n
U
s
e
Po
ll
ut
an
t
Co
nt
ro
ll
ed
Ap
pl
'c
ab
e
La
d
La
ke
sh
or
e
a
Ri
ve
rb
an
k
Ur
ba
n
Er
os
io
n
Se
di
me
nt
s
Transportation (construction)
Ag
ri
cu
lt
ur
e
Fo
re
st
,
Ex
tr
ac
ti
ve
Description
Te
mp
or
ar
y
di
ve
rs
io
ns
ma
y
be
of
se
ve
ra
l
ty
pe
s:
1)
Te
mp
or
ar
y
di
ve
rs
io
n
ch
an
ne
l
co
ns
is
ti
ng
of
a
ch
an
ne
l
an
d
a
ri
dg
e
us
ua
ll
y
ac
ro
ss
sl
op
in
g
la
nd
to
co
nv
ey
ru
no
ff
la
te
ra
ll
y
at
a
re
du
ce
d
ve
lo
ci
ty
to
a
sa
fe
di
sc
ha
rg
e
point.
2)
A
di
ve
rs
io
n
be
rm
is
a
co
mp
ac
te
d
ea
rt
hf
il
le
d
ri
dg
e
wh
ic
h
ef
fe
ct
iv
el
y
cr
ea
te
s
a
ch
an
ne
l
on
it
s
up
sl
op
e
si
de
.
Th
is
me
as
ur
e
is
of
te
n
in
st
al
le
d
te
mp
or
ar
il
ya
t
th
e
to
p
of
sl
op
es
wh
er
e
re
gr
ad
in
g
an
d
se
ed
in
g
is
ta
ki
ng
pl
ac
e.
3)
An
in
te
rc
ep
to
r
be
rm
in
te
rc
ep
ts
co
nc
en
tr
at
ed
ru
no
ff
an
d
di
ve
rt
si
t
to
a
sa
fe
di
s-
charge point.
4)
Te
mp
or
ar
y
ch
ut
es
ar
ee
xa
mp
le
s
of
sa
fe
di
sc
ha
rg
e
ro
ut
es
re
fe
rr
ed
to
fo
r
di
ve
rs
io
n
ch
an
ne
ls
.
Te
mp
or
ar
y
ch
ut
es
ar
e
co
ns
tr
uc
te
d
of
a
wi
de
ra
ng
e
of
ma
te
ri
ab
in
cl
ud
in
g
fl
ex
ib
le
ir
ri
ga
ti
on
tu
bi
ng
,
as
ph
al
t
li
ne
d
sw
al
es
,
ha
lf
se
ct
io
ns
of
co
rr
ug
at
ed
met
al
pip
e,
con
cre
te
sew
er
pip
e,
etc
.
Ero
sio
n p
rot
ect
ion
at
the
bas
e
of
the
chu
te
or
an
en
er
gy
di
ss
ip
at
or
is
no
rm
al
ly
re
qu
ir
ed
of
te
n
vi
a
th
e
us
e
of
ri
p
ra
p
or
co
n—
crete outfall structures.
Ad
va
nt
ag
es
Di
sa
dv
an
ta
ge
s
— p
re
ve
nt
s
da
ma
ge
wh
er
e
fi
na
l
gr
ad
in
g
is
-
th
es
e
te
ch
ni
qu
es
ar
e
te
mp
or
ar
y
an
d
th
ei
r
com
ple
ted
and
red
uce
s
sil
tat
ion
of
par
tly
rem
ova
l
wil
l
ent
ail
som
e
cos
ts
com
ple
ted
sto
rm
dra
ina
ge
sys
tem
s
— r
emo
val
can
cau
se
add
iti
ona
l
dis
tur
ban
ce
— m
ini
miz
es
dam
age
cau
sed
by
sev
ere
sto
rms
and
pos
sib
le
min
or
dam
age
to
per
man
ent
dur
ing
the
con
str
uct
ion
per
iod
fac
ili
tie
s
- m
ini
miz
es
the
amo
unt
of
reg
rad
ing
nec
es—
- d
ive
rsi
ons
can
inc
rea
se
see
pag
e a
nd
may
sit
ate
d b
y e
ros
ion
dur
ing
con
str
Uct
ion
cau
se
slo
pe
ins
tab
ili
ty.
period
 
Cost Implications
Tem
por
ary
div
ers
ion
ber
ms,
chu
tes
, d
own
pip
es,
etc.
are
ver
y s
ite
—sp
eci
fic
in
the
ir
des
ign
and
the
ref
ore
cos
ts
are
dif
fic
ult
to
est
ima
te.
Sin
ce
the
div
ers
ion
ber
ms
are
mini
mal
eart
hwor
k st
ruct
ures
, c
osts
in t
he o
rder
of $
1.30
to $
2.00
rper
lin.
m. a
ppea
r
reas
onab
le.
Chut
es,
down
pipe
s,
etc.
may
rang
e in
cost
s fr
om $
9.00
to $
65.0
0 pe
r me
tre
and
upwa
rds
depe
ndin
g on
the
flow
requ
irem
ents
and
soil
cond
itio
ns.
Chut
es m
ay b
e re
—
used.
Some
maint
enanc
e is
requi
red
to pr
event
the b
uildu
p of
sedim
ent
at ei
ther
the
top or the bottom and to preVent localized scouring problems.
 
Previous Experience
A po
pula
r te
chni
que
whic
h is
wide
ly u
sed
thro
ugho
ut t
he G
reat
Lake
s Ba
sin.
 
   
11ﬂe Temporary Check Dams on Small Swales and Watercourses 15
'(eyvvords Urban, Transportation, Erosion, Extractive, Agriculture, Sediments.
Applicable Land Use Pollutant Controlled
Urban Agriculture Sediments
Transportation (construction)
Extractive Lakeshore & Riverbank
Erosion
Description
The purpose of this technique is to prevent gully erosions occurring during the con-
struction period either in temporary channels or in permanent channels which are un-
vegetated and therefore susceptible to high sediment flow. This technique consists
of constructing a barrier of relatively pervioUs material perpendicular to the flow
in order to impede the runoff and create an upstream pool where sediments will settle
out. Straw bales, straw bales supported by gravel filters, wire fence and straw bales
or a combination of all three have successfully been used in small temporary applicat-
ions. The width and height of the check must be sufficient that the expected flows
will have sufficient cross-section areas to filter through without creating excessive
upstream ponding or overtopping or circumventing of the check dam.
Removal of up-
stream accumulated sediments and replacement of clogged straw bales is a necessary
maintenance activity.
tion.
Installations must be removed prior to final channel stabiliza—
Sediment control efficiencies may range upwards of 75% for low intensity storms.
If
mai
nte
nan
ce
is
not
fre
que
nt,
a r
isk
wil
l e
xis
t t
hat
a h
igh
int
ens
ity
sto
rm
wil
l
wash out a portion of the accumulated sediment.
Advantages
- not only preVentsgully erosion bUt also
cause the precipitation of high proport—
ion of the sediment load in the rUnoff.
- in some cases, if carefully located and
designed thesechecks can remain in a semi—
permanent installation with minor re-
grading, at least until final reVegetat—
ion. '
Disadvantages
- because of temporary nature many measures
are visibly unattractive
- removal of the item may be a significant
cost in some areas
— suitable for limited drainage areas since
failure could result in an increased slug
of the accumulated sediments being washed
downstream
Capital Costs
.Costs for these temporary facilities are
site specific but for a typical 10 m. wide
by
0.
5
m.
hi
gh
ch
ec
k
da
m
th
e
co
st
s
ar
e
estimated in the range of $300 to $500.
 
Operating and Maintenance Costs
Minimal
 
Previous Experience
Thi
s
tec
hni
que
is
gai
nin
g
acc
ept
anc
e
as
eff
ort
s
to
con
tro
l
sho
rt
ter
m s
edi
men
t
pr
od
uc
ti
on
du
ri
ng
co
ns
tr
uc
ti
on
ar
e
ma
de
.
  
 Title
S
e
e
d
e
d
A
r
e
a
s
P
r
o
t
e
c
t
e
d
w
i
t
h
O
r
g
a
n
i
c
M
u
l
c
h
1
6
 
K
B
V
V
V
O
T
d
S
t
h
a
n
1
'
l
r
a
n
s
p
o
r
t
a
t
i
o
n
,
E
x
t
r
a
c
t
i
v
e
,
F
o
r
e
s
t
r
y
,
A
g
r
i
c
u
l
t
u
r
e
.
Sediments.
A
p
p
l
i
c
a
b
l
e
L
a
n
d
U
s
e
 
P
o
l
l
u
t
a
n
t
C
o
n
t
r
o
l
l
e
d
U
r
b
a
n
L
a
k
e
s
h
o
r
e
G
R
i
v
e
r
b
a
n
k
S
E
d
i
m
e
n
t
S
T
r
a
n
s
p
o
r
t
a
t
i
o
n
E
r
o
s
i
o
n
Extractive Agriculture
Forestry
Description
T
h
e
a
p
p
l
i
c
a
t
i
o
n
o
f
p
l
a
n
t
r
e
s
i
d
u
e
s
i
m
p
a
c
t
o
f
r
a
i
n
f
a
l
l
,
c
h
e
e
k
r
u
n
o
f
f
,
or crusting.
plant cover.
planting.
.
1
)
S
i
t
e
P
r
e
p
a
r
a
t
i
o
n
:
i
n
a
p
p
l
i
c
a
t
i
o
n
o
f
m
u
l
c
h
a
n
d
a
n
c
h
o
r
i
n
g
.
h
o
r
i
z
o
n
t
a
l
t
o
1
v
e
r
t
i
c
a
l
.
2)
Ty
pe
s
of
Mu
lc
h:
Th
es
e
in
cu
de
th
e
fo
ll
ow
in
g
li
st
;
co
mp
os
t
or
st
ra
w
ma
nu
re
;
s
t
o
c
k
s
s
h
r
e
d
d
e
d
o
r
c
h
o
p
p
e
d
;
h
a
y
o
r
s
t
r
a
w
;
p
e
a
t
m
o
s
s
;
p
e
a
n
u
t
h
u
l
l
s
o
r
c
o
c
o
a
b
e
a
n
s
;
s
a
w
d
u
s
t
,
g
r
e
e
n
or
c
o
m
p
o
s
t
e
d
;
s
h
r
e
d
d
e
d
s
u
g
a
r
c
a
n
e
b
a
g
a
s
s
e
;
t
a
n
b
a
r
k
;
w
o
o
d
c
h
i
p
s
o
r
s
h
a
V
i
n
g
s
;
A
p
p
l
i
c
a
t
i
o
n
ra
te
s
v
a
r
y
f
r
o
m
11
25
kg
to
55
m
e
t
r
i
c
t
o
n
s
p
e
r
h
a
d
e
p
e
n
d
i
n
g
on
th
e
d
e
s
i
r
e
d
e
f
f
e
c
t
w
h
e
t
h
e
r
it
b
e
f
o
r
s
o
i
l
c
o
n
d
i
t
i
o
n
i
n
g
,
s
u
r
f
a
c
e
p
r
o
t
e
c
t
i
o
n
o
r
Mu
lc
h
an
ch
or
in
g
in
cl
ud
es
pe
gg
in
ga
nd
tw
in
e,
mu
lc
h
ne
tt
in
g,
so
il
bi
nd
er
sp
ra
ys
an
dm
ec
ha
ni
ca
l
cr
us
hi
ng
an
d
in
co
rp
or
at
io
n
by
ha
rr
ow
in
g,
di
sk
in
g,
e
r
o
s
i
o
n
r
e
s
i
s
t
a
n
c
e
.
etc.
o
r
o
t
h
e
r
s
u
i
t
a
b
l
e
o
r
g
a
n
i
c
m
a
t
e
r
i
a
l
c
a
n
r
e
d
u
c
e
t
h
e
p
r
e
v
e
n
t
o
n
s
e
t
o
f
e
r
o
s
i
o
n
a
n
d
p
r
e
v
e
n
t
c
o
m
p
a
c
t
i
o
n
I
t
w
i
l
l
a
l
s
o
h
e
l
p
c
o
n
s
e
r
v
e
s
o
i
l
m
o
i
s
t
u
r
e
t
h
u
s
s
t
i
m
u
l
a
t
i
n
g
g
r
o
w
t
h
o
f
It
m
a
y
b
e
u
s
e
d
i
n
c
o
n
j
u
n
c
t
i
o
n
w
i
t
h
o
t
h
e
r
t
e
c
h
n
i
q
u
e
s
a
n
d
c
r
i
t
i
c
a
l
a
r
e
a
O
r
g
a
n
i
c
m
u
l
c
h
e
s
m
a
y
r
e
q
u
i
r
e
a
n
c
h
o
r
i
n
g
w
i
t
h
n
e
t
t
i
n
g
o
r
c
h
e
m
i
c
a
l
b
i
n
d
e
r
s
.
G
r
a
d
i
n
g
i
f
p
o
s
s
i
b
l
e
t
o
a
l
l
o
w
u
s
e
o
f
c
o
n
v
e
n
t
i
o
n
a
l
m
a
c
h
i
n
e
r
y
S
t
e
e
p
e
r
s
l
o
p
e
s
r
e
q
u
i
r
e
h
a
n
d
w
o
r
k
o
r
h
y
d
r
o
s
e
e
d
i
n
g
.
T
h
i
s
u
s
u
a
l
l
y
m
e
a
n
s
a
m
a
x
i
m
u
m
sl
op
e
o
f
3
corn
p
i
n
e
s
t
r
a
w
o
r
n
e
e
d
l
e
s
;
wo
od
ex
ce
ls
io
r;
wo
od
fi
br
e
ce
ll
ul
os
e.
Advantages
-
g
r
a
s
s
c
o
v
e
r
a
g
e
d
e
v
e
l
o
p
e
d
at
t
w
i
c
e
t
h
e
r
a
t
e
i
n
m
u
l
c
h
e
d
a
r
e
a
s
V
s
u
n
m
u
l
c
h
e
d
—
t
h
e
m
o
i
s
t
u
r
e
c
o
n
t
a
i
n
i
n
g
c
a
p
a
c
i
t
y
o
f
o
r
g
a
n
i
c
m
u
l
c
h
e
s
,
a
n
d
p
a
r
t
i
c
u
l
a
r
l
y
s
t
r
a
w,
w
a
s
f
o
u
n
d
t
o
b
e
s
u
p
e
r
i
o
r
t
o
c
h
e
m
i
c
a
l
mulches.
—
m
a
n
y
c
o
m
m
e
r
c
i
a
l
l
y
a
v
a
i
l
a
b
l
e
p
r
o
d
u
c
t
s
n
o
w
on market.
Disadvantages
—
if
se
ed
in
g
is
no
t
ca
rr
ie
d
ou
t
at
th
e
sa
me
ti
me
as
ap
pl
ic
at
io
n
of
a
th
in
la
ye
r
of
fi
ne
ly
ch
op
pe
d
mu
lc
h
it
mu
st
be
do
ne
on
ly
af
te
r
pa
rt
ia
l
de
co
mp
os
it
io
n
of
th
e
mu
lc
h
ma
te
ri
al
.
Th
is
ma
y
in
vo
lv
e
a
se
pa
ra
te
wo
rk
cy
cl
e
af
te
r
up
to
a
ye
ar
-
st
ra
w
mu
lc
h,
ge
ne
ra
ll
y
ch
ea
pe
st
an
d
mo
st
ef
fe
ct
iv
e
is
po
te
nt
ia
l
fi
re
ha
za
rd
an
d
ma
y
be
su
bj
ec
t
to
wi
nd
bl
ow
in
so
me
ar
ea
s
an
d
ma
y
re
su
lt
in
in
tr
o.
of
un
de
si
ra
bl
Capital Costs
S
e
e
d
,
f
e
r
t
i
l
i
z
e
r
,
s
t
r
a
w
m
u
l
c
h
i
n
g
a
n
d
t
a
c
k
—
in
g
ca
n
r
a
n
g
e
f
r
o
m
$
2
6
5
/
h
a
to
$1
25
0/
ha
.
A
d
d
i
t
i
o
n
a
l
a
s
p
h
a
l
t
e
m
ul
s
i
o
n
m
a
y
i
n
c
r
e
a
s
e
th
e
co
st
b
y
$6
25
to
$7
SO
/h
a.
O
t
h
e
r
m
ul
c
h
e
s
r
a
n
g
e
in
co
st
f
r
o
m
$1
.2
0
p
e
r
sq
.m
.
fo
r
co
rn
st
oc
k
to
$1
.5
0
pe
r
sq
.m
.
fo
r
wood chips.
Op
er
at
in
g
an
d
Ma
in
te
na
nc
e
Co
st
s
se
ed
s
  
P
r
e
v
i
o
u
s
E
x
p
e
r
i
e
n
c
e
A
po
pu
la
r,
wi
de
ly
us
ed
te
ch
ni
qu
e
wi
th
hi
gh
de
gr
ee
of
ef
fe
ct
iv
en
es
s.
So
ur
ce
of
In
fo
rm
at
io
n
10
8,
38
,8
7,
10
2.
,9
2,
10
6,
11
0,
12
0,
12
6,
13
7,
13
3,
18
0,
19
1,
22
1,
23
2.
,
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Keyvvords Urban, Transportation, Extractive, Forestry, Sediments, Erosion.
 
Applicable Land Use Pollutant Controlled
Urban ‘ Shoreline and Riverbank Sediments
Transportation Erosion
Extractive
Forestry
Description
The purpose of matting and netting is to stabilize the surface of the soil and to pre-
vent erosion during establishment of vegetation. Most mattings do not have any soil
moisture retaining benefits but there are a few exceptions. It is used almost
exclusively on steep slopes and for the protection of swales and channels to be
vegetated. Generally used where soil moisture conditions are good and where a mulch is
unnecessary to retain moisture and yet where some soil stabilization is required. Used
in swales where high velocity of runoff during the period of establishment of
vegetation is likely to cause scouring. Materials include: jute; twisted paper mesh;
fiberglass; finely woven plastics; excelsior; and woven metal wire.
For maintenance, the protected area should be regularly inspected. Any clods holding
the matting off the ground should be tamped into the soil and matting should be stapled
down in any depressions. Following severe storms the installation should be inspected
for undercutting. After a year a top dressing of fertilizer will help improve cover—
age of vegetation and the degradation of the temporary matting. A high percentage of
gully erosion could be controlled in this manner.
Ad
va
nt
ag
es
Di
sa
dv
an
ta
ge
s
— less expensiVe than most other stablizat— — lack of soil moisture retention benefits
ion techniques of netting and matting in comparison to
— e
asi
ly
pla
ced
by
uns
kil
led
lab
our
org
ani
c m
ulc
hes
.
— any seed mix can be used without
necessity to consider the decomposition
period of an organic mulch
— not subject to wind blowas are organic
mulches but must be well anchored to pre-
vent slippage during rainstorms.
 
Cost Implications
Ins
tal
lat
ion
cos
ts
var
y c
ons
ide
rab
ly
due
to
the
typ
e o
f m
ate
ria
l u
sed
.
 
eg. Woven Metal $500/ha
Jute Matting $1000/ha
Per
iod
ic
ins
pec
tio
n a
nd
pat
chi
ng
and
rep
lac
eme
nt
of
und
erm
ine
d
are
as
sho
uld
be
carried out.
Previous Experience
Tec
hni
que
's
app
lic
abl
e t
hro
ugh
out
the
Gre
at
Lak
es
Bas
in
how
eve
r u
se
has
bee
n l
imi
ted
to critical area treatments.
  
4
9
,
3
8
,
8
7
,
1
0
2
,
1
0
8
,
1
1
0
,
1
2
0
,
1
2
6
,
9
2
.
Source of Information
I ‘
 1
1
ﬂ
e
S
i
n
g
l
e
F
a
m
i
l
y
A
e
r
o
b
i
c
T
r
e
a
t
m
e
n
t
S
y
s
t
e
m
s
 
K
e
y
v
v
o
r
d
s
U
r
b
a
n
,
A
g
r
i
c
u
l
t
u
r
e
,
R
e
c
r
e
a
t
i
o
n
,
N
u
t
r
i
e
n
t
s
,
C
h
e
m
i
c
a
l
s
.
 
A
p
p
l
i
c
a
b
l
e
L
a
n
d
U
s
e
P
o
l
l
u
t
a
n
t
C
o
n
t
r
o
l
l
e
d
U
r
b
a
n
N
u
t
r
i
e
n
t
s
A
g
r
i
c
u
l
t
u
r
e
C
h
e
m
i
c
a
l
s
Recreation
Description
A
e
r
a
t
i
o
n
t
a
n
k
s
c
a
n
b
e
u
s
e
d
in
p
l
a
c
e
o
f
s
e
p
t
i
c
t
a
n
k
s
f
o
r
s
e
w
a
g
e
d
e
c
o
m
p
o
s
i
t
i
o
n
u
s
i
n
g
a
e
r
o
b
i
c
b
a
c
t
e
r
i
a
.
T
h
i
s
is
a
c
c
o
m
p
l
i
s
h
e
d
b
y
i
n
j
e
c
t
i
n
g
a
i
r
i
n
t
o
t
h
e
t
a
n
k
t
h
r
o
u
g
h
a
p
i
p
e
w
i
t
h
a
s
m
a
l
l
c
o
m
p
r
e
s
s
o
r
t
i
m
e
d
t
o
r
u
n
f
o
r
c
e
r
t
a
i
n
p
e
r
i
o
d
s
e
v
e
r
y
d
a
y
m
i
x
i
n
g
a
i
r
b
u
b
b
l
e
s
w
i
t
h
t
h
e
s
e
wa
g
e
.
S
o
m
e
o
f
t
h
e
a
e
r
a
t
i
o
n
e
q
u
i
p
m
e
n
t
o
n
t
h
e
m
a
r
k
e
t
c
a
n
b
e
in
—
st
al
le
d
d
i
r
e
c
t
l
y
in
to
a
se
pt
ic
ta
nk
th
us
co
nv
er
ti
ng
it
to
an
a
e
r
o
b
i
c
un
it
.
It
is
,
ho
we
ve
r,
r
e
c
o
m
m
e
n
d
e
d
th
at
a
3
co
mp
ar
tm
en
t
ta
nk
be
us
ed
.
So
li
ds
ar
e
s
e
t
t
l
e
d
ou
t
in
t
h
e
f
i
r
s
t
c
o
m
p
a
r
t
m
e
n
t
,
a
e
r
a
t
i
o
n
t
a
k
e
s
p
l
a
c
e
in
t
h
e
s
e
c
o
n
d
c
o
m
p
a
r
t
m
e
n
t
a
n
d
t
h
e
t
h
i
r
d
co
mp
ar
tm
en
t
is
a
cl
ar
if
ie
r
wh
er
e
th
e
re
ma
in
in
g
so
li
ds
ar
e
se
tt
le
d
ou
t
an
d
re
tu
rn
ed
to
t
h
e
s
e
c
o
n
d
co
mp
ar
tm
en
t.
E
f
f
l
ue
n
t
is
no
t
n
o
r
m
a
l
l
y
d
i
s
c
h
a
r
g
e
d
to
s
ur
f
a
c
e
w
a
t
e
r
b
ut
to
a
t
i
l
e
fi
el
d
fo
r
so
il
a
b
s
o
r
p
t
i
o
n
or
to
ot
he
r
la
nd
d
i
s
p
o
s
a
l
fa
ci
li
ty
.
T
r
e
a
t
m
e
n
t
e
f
f
i
c
i
e
n
c
i
e
s
a
r
e
i
n
t
h
e
8
5
%
t
o
9
5
%
r
a
n
g
e
f
o
r
B
O
D
a
n
d
s
u
s
p
e
n
d
e
d
s
o
l
i
d
s
d
e
p
e
n
d
i
n
g
u
p
o
n
t
h
e
l
o
a
d
i
n
g
o
f
t
h
e
s
y
s
t
e
m
a
n
d
t
h
e
r
e
t
e
n
t
i
o
n
t
i
m
e
w
i
t
h
i
n
t
h
e
a
e
r
a
t
i
o
n
tank.
Ad
va
nt
ag
es
Di
sa
dv
an
ta
ge
s
-
hi
gh
er
qu
al
it
y
ef
fl
ue
nt
th
an
se
pt
ic
ta
nk
—
ae
ro
bi
c
sy
st
em
s
re
qu
ir
e
mo
re
ma
in
te
na
nc
e
—
po
ss
ib
le
us
e
of
si
te
s
wi
th
sh
al
lo
w
or
th
er
ef
or
e
th
ey
ma
y
be
le
ss
re
li
ab
le
fo
r
im
pe
rv
io
us
so
il
la
ye
r
wh
er
e
ti
le
fi
el
d
pr
iv
at
e
ho
me
OW
ne
rs
.
di
sp
os
al
is
li
mi
te
d
—
hi
gh
er
co
st
s
th
an
co
nv
en
ti
on
al
se
pt
ic
-
us
e
of
sm
al
le
r
la
nd
ar
ea
s
fo
r
di
sp
os
al
ta
nk
s
of effluent
Ca
pi
ta
l
Co
st
s
Op
er
at
in
g
an
d
Ma
in
te
na
nc
e
Co
st
s
Ca
pi
ta
l
co
st
s
of
ty
pi
ca
l
si
ng
le
fa
mi
ly
An
nu
al
se
rv
ic
e
(b
y
co
nt
ra
ct
)
$1
50
to
$2
50
ae
ro
bi
c
tr
ea
tm
en
t
sy
st
em
s
ca
n
be
ex
pe
ct
ed
de
pe
nd
en
t
on
lo
ca
ti
on
to
ra
ng
e
fr
om
$2
00
0-
$5
00
0
in
cm
ud
in
g
ti
le
Po
we
r
(p
er
ye
ar
)
$1
00
to
$1
50
bed.
  
P
r
e
v
i
o
u
s
E
x
p
e
r
i
e
n
c
e
Wi
de
sp
re
ad
us
e
th
ro
ug
ho
ut
th
e
Gr
ea
t
La
ke
s
Ba
si
n.
Us
ed
pa
rt
ic
ul
ar
ly
in
re
cr
ea
ti
on
al
dis
tri
cts
whe
re
sha
llo
w s
oil
s r
equ
ire
imp
ort
ati
on
of
til
e b
ed
fil
ter
med
ian
and
whe
re
red
uct
ion
of
til
e b
ed
req
uir
eme
nts
bec
ome
s a
maj
or
eco
nom
ic
con
sid
era
tio
n.
#1
S
o
u
r
c
e
o
f
I
n
f
o
r
m
a
t
i
o
n
1
4
0
,
2
0
7
,
2
3
7
,
9
2
.
J.
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Keywords Agriculture, Sediments
Applicable Land Use . Pollutant Controlled
Agriculture
Sediments
 
Description
The rows areplanted in contour furrows which reduce the velocity of water movement
down the slope. Row breaROVerand crossing during crop establishment is much less likeln
than with standard contour. If the corn is cultivated for example, the furrows are
gradually closed. An implement called a "lister" is used to keep the furrows open.
The need for open furrows is less critical after the corn has developed a canopy
cover. The practice is most effective during the crop establishment period which is
the time when erosion hazards are the greatest.
Contour listing is a form of conservation cultivation but it was developed in the past
to the extent that a specific implement was developed for that single purpose. Its
limited use on long slopes and its incompatibility with highly mechanized large acreage
farming operations has resulted in a decline in useage of the techniques. Sediment
reduction for very low intensity storms is estimated in the 25% to 50% range. Technique
is of little benefit for high intensity storms.
7 Advantages Disadvantages
A type of contour furrow which is Not effective on long slopes unless support-
effective in reducing sediment discharges ed by terraces or run off diversionsl
for low intensity storms. May interfer with the use of large
mechanized equipment. On poorly drained
soils it may aggrevate wetness problems.
 
Cost Implications
This practice may require an additional tillage operation. Additional costs should
be recognized for additional tillage operations, equipment and possible inconvenience.
Th
e
im
pl
em
en
t
is
no
w
of
li
mi
te
d
av
ai
la
bi
li
ty
.
‘
Prevnous Experience
This
is on
e of
the e
arly
soil
conse
rvati
on te
chniq
ues b
ut it
has
recei
ved
less
atten
tion
in
re
ce
nt
ye
ar
s
in
fa
vo
ur
of
ot
he
r
me
th
od
s.
 
ﬁ
o
u
r
c
e
o
f
I
n
f
o
r
m
a
t
i
o
n
2
3
7
,
1
3
7
,
1
8
2
,
2
0
7
.
— 
 1
1
u
e
D
i
s
p
o
s
a
l
o
f
T
r
e
a
t
e
d
S
e
w
a
g
e
E
f
f
l
u
e
n
t
b
y
S
p
r
a
y
I
r
r
i
g
a
t
i
o
n
2
0
 
K
e
y
w
o
r
d
s
U
r
b
a
n
,
R
e
c
r
e
a
t
i
o
n
,
A
g
r
i
c
u
1
t
u
r
e
,
‘
N
u
t
r
i
e
n
t
s
,
C
h
e
m
i
c
a
l
s
,
S
e
d
i
m
e
n
t
s
.
 
A
p
p
l
i
c
a
b
l
e
L
a
n
d
U
s
e
P
o
l
l
ut
a
n
t
C
o
n
t
r
o
l
l
e
d
U
r
b
a
n
L
i
q
u
i
d
W
a
s
t
e
D
i
s
p
o
s
a
l
N
u
t
r
i
e
n
t
s
R
e
c
r
e
a
t
i
o
n
S
O
l
i
d
W
a
s
t
e
D
i
s
p
o
s
a
l
C
h
e
m
i
c
a
l
s
A
g
r
i
c
u
l
t
u
r
e
S
e
d
i
m
e
n
t
s
Description
S
p
r
a
y
i
r
r
i
g
a
t
i
o
n
is
u
s
e
d
t
o
r
e
n
o
v
a
t
e
a
n
d
d
i
s
p
o
s
e
o
f
t
r
e
a
t
e
d
s
e
w
a
g
e
e
f
f
l
u
e
n
t
b
y
a
p
p
l
y
i
n
g
it
to
l
a
n
d
u
t
i
l
i
z
i
n
g
t
h
e
s
o
i
l
f
o
r
i
n
f
i
l
t
r
a
t
i
o
n
a
n
d
f
i
l
t
r
a
t
i
o
n
a
n
d
v
e
g
e
t
a
t
i
o
n
f
o
r
i
t
s
t
r
a
n
s
p
i
r
a
t
i
o
n
ef
fe
ct
.
E
f
f
l
ue
n
t
m
a
y
b
e
u
s
e
d
to
i
r
r
i
g
a
t
e
o
p
e
n
s
p
a
c
e
,
a
g
r
i
c
ul
t
ur
e
,
cr
op
s,
et
c.
E
f
f
l
ue
n
t
sh
ou
ld
n
o
r
m
a
l
l
y
u
n
d
e
r
g
o
a
s
e
c
o
n
d
a
r
y
tr
ea
tm
en
t
p
r
i
o
r
to
ap
pl
ic
at
io
n.
A
v
a
i
l
a
b
i
l
i
t
y
of
la
nd
an
d
p
ub
l
i
c
a
c
c
e
p
t
a
b
i
l
i
t
y
ar
e
tw
o
i
m
p
o
r
t
a
n
t
fa
ct
or
s
in
d
e
t
e
r
m
i
n
i
n
g
fe
as
ib
il
it
y.
Th
e
be
ne
fi
ts
of
th
is
sy
st
em
ar
e
im
po
rt
an
t
in
pr
ov
id
in
g
ir
ri
ga
ti
on
wa
te
r,
in
cr
ea
si
ng
gr
ou
nd
wa
te
r
yi
el
d
an
d
by
pr
ov
id
in
g
a
re
la
ti
ve
ly
ch
ea
p
te
rt
ia
ry
tr
ea
tm
en
t
of
ef
fl
ue
nt
pa
rt
ic
ul
ar
ly
fo
r
sm
al
l
is
ol
at
ed
co
mm
un
it
ie
s.
Eq
ui
pm
en
t
us
ed
ra
ng
es
fr
om
co
n-
ve
n
t
i
o
n
a
l
s
p
r
a
y
ir
ri
ga
ti
on
,
us
i
n
g
p
o
r
t
a
b
l
e
a
l
um
i
n
um
p
i
p
i
n
g
sy
st
em
s
to
h
i
g
h
p
r
e
s
s
u
r
e
fi
xe
d
wa
te
r
gu
ns
wh
ic
h
co
ve
r
ar
ea
s
up
to
5
he
ct
ar
es
pe
r
sp
ra
y
no
zz
le
.
Th
is
te
ch
ni
qu
e
s
h
o
ul
d
no
t
b
e
us
e
d
on
sl
op
es
O
V
e
r
15
%
or
on
so
il
s
wi
t
h
a
s
h
a
l
l
o
w
w
a
t
e
r
i
t
a
b
l
e
or
p
o
o
r
dr
ai
na
ge
.
Co
ns
id
er
at
io
n
of
wi
nd
dr
if
t
of
th
e
ae
ro
sa
ls
cr
ea
te
d
sh
ou
ld
be
ta
ke
n
in
to
a
c
c
o
u
n
t
.
T
h
e
w
a
t
e
r
m
u
s
t
n
o
t
b
e
t
o
x
i
c
t
o
V
e
g
e
t
a
t
i
o
n
a
n
d
m
u
s
t
n
o
t
c
o
n
t
a
i
n
e
x
c
e
s
s
i
v
e
c
o
n
-
c
e
n
t
r
a
t
i
o
n
s
of
s
o
d
i
um
or
h
e
a
v
y
m
e
t
a
l
s
th
at
wi
l
l
r
e
s
ul
t
in
lo
ng
t
e
r
m
so
il
da
ma
ge
.
T
y
p
i
c
a
l
l
y
2
.
5
c
m
p
e
r
w
e
e
k
c
a
n
b
e
i
r
r
i
g
a
t
e
d
d
u
r
i
n
g
t
h
e
g
r
o
w
i
n
g
s
e
a
s
o
n
.
T
r
e
a
t
e
d
l
e
a
c
h
a
t
e
s
fr
om
sa
ni
ta
ry
la
nd
fi
ll
s
ha
ve
be
en
di
sp
os
ed
of
in
th
is
ma
nn
er
bu
t
cl
os
e
mo
ni
to
ri
ng
of
t
o
x
i
c
i
t
y
an
d
h
e
a
v
y
m
e
t
a
l
s
b
u
i
l
d
up
is
re
qu
ir
ed
.
Ve
ry
hi
gh
po
ll
ut
an
t
co
nt
ro
l
ef
fi
ci
en
cy
if
pr
op
er
ly
ap
pl
ie
d
si
nc
e
th
er
e
is
ze
ro
effluent discharge.
 
Ad
va
nt
ag
es
Di
sa
dv
an
ta
ge
s
—
in
ex
pe
ns
iv
e
te
rt
ia
ry
tr
ea
tm
en
t
wh
er
e
la
nd
-
eX
te
nS
iV
e
pa
rc
el
s
of
la
nd
re
qu
ir
ed
c
o
s
t
s
a
r
e
l
o
w
-
p
o
s
s
i
b
l
e
h
e
a
l
t
h
h
a
z
a
r
d
-
u
p
s
t
r
e
a
m
d
i
s
p
o
s
a
l
m
a
y
i
m
p
r
o
v
e
d
r
y
w
e
a
t
h
e
r
-
S
t
o
r
a
g
e
f
a
c
i
l
i
t
i
e
s
f
o
r
e
f
f
l
u
e
n
t
r
e
q
u
i
r
e
d
s
t
r
e
a
m
f
l
o
w
d
u
r
i
n
g
w
i
n
t
e
r
p
e
r
i
o
d
—
g
r
o
un
d
wa
t
e
r
yi
e
l
d
s
m
a
y
b
e
i
m
p
r
o
ve
d
—
c
h
e
m
i
c
a
l
s
in
e
f
f
l
ue
n
t
m
a
y
c
a
us
e
t
o
xi
c
i
t
y
—
so
ur
ce
of
ir
ri
ga
ti
on
wa
te
r
an
d
nu
tr
ie
nt
s
PT
Ob
le
mS
fo
r
cr
op
an
d
op
en
sp
ac
e
ar
ea
s
—
re
su
lt
s
-
ma
y
be
pr
ob
le
m
wi
th
bu
il
du
p
of
nu
tr
ie
nt
s
in
a
sa
vi
ng
s
in
us
e
of
ar
ti
fi
ci
al
fe
rt
il
iZ
er
PO
te
nt
ia
l
aC
CU
mU
la
ti
on
Of
nu
tr
ie
nt
s
_ avoids construction of costly outfalls to
receiving waters
Cost Implications
La
nd
ac
qu
is
it
io
n
in
cl
ud
in
g
la
nd
fo
r
bu
ff
er
zo
ne
an
d
st
or
ag
e
po
nd
s,
ap
pl
ic
at
io
n
an
d
di
st
ri
bu
ti
on
eq
ui
pm
en
t,
un
de
rd
ra
in
s
(i
f
us
ed
)
et
c.
Mo
st
of
th
e
U.
S.
an
d
Ca
na
da
us
e
la
nd
of
low
va
lu
e
mu
ch
of
wh
ic
h
co
st
s
les
s
th
an
$2
00
0p
er
he
ct
ar
e.
Th
is
me
th
od
ma
y
be
co
ns
id
er
ab
ly
ch
ea
pe
r
th
an
co
nv
en
ti
on
al
te
rt
ia
ry
tr
ea
tm
en
t
if
lo
w
co
st
la
nd
of
su
it
ab
le
qu
al
it
y
is
av
ai
la
bl
e
ne
ar
by
,
es
pe
ci
al
ly
fo
r
sm
al
l
co
mm
un
it
ie
s
wh
er
e
co
ns
tr
uc
ti
on
of
lon
g
ou
tf
al
ls
to
re
ce
iv
in
g
wa
te
rs
is
ne
ce
ss
ar
y.
In
es
ti
ma
ti
ng
co
st
s
so
me
va
lu
e
sh
ou
ld
be
pl
ac
ed
on
be
ne
fi
ts
wh
ic
h
ma
y
in
cl
ud
e
in
cr
ea
se
d
cr
op
yi
el
d,
in
cr
ea
se
d
gr
ou
nd
wa
te
r
yi
el
d,
im
pr
ov
ed
st
re
am
fl
ow
.
Th
er
e
ha
s
be
en
li
tt
le
su
cc
es
s
in
se
ll
in
g
ef
fl
ue
nt
fo
r
ir
ri
ga
ti
on
.
$3
00
0/
ty
pi
ca
l
si
ng
le
fa
mi
ly
un
it
or
$0
.8
5/
li
tr
e/
da
y
de
si
gn
ca
pa
ci
ty
.
__J
#4
Previous Experience
Man
y i
nst
all
ati
ons
thr
oug
hou
t
Can
ada
and
the
Uni
ted
Sta
tes
.
Ext
ens
ive
res
ear
ch
bei
ng
car
rie
d
out
at
Uni
ver
sit
y o
f
Pen
nsy
lva
nni
a
and
Uni
ver
sit
y
of
Gue
lph
.
A
197
3
rep
ort
(91
]
do
cu
me
nt
ed
60
in
st
al
la
ti
on
s
in
On
ta
ri
o.
  
S
o
u
r
c
e
o
f
I
n
f
o
r
m
a
t
i
o
n
1
1
4
:
8
0
:
7
3
:
7
2
,
8
1
,
8
2
,
1
3
7
,
1
4
0
,
1
3
8
,
9
2
.
   
11
ﬂe
Su
rf
ac
e
Wa
te
r
Di
ve
rs
io
n
21
Keyvvords Urban, Agriculture, Transportation, Extractive, Forest, Sediments.
 
Ap
pl
ic
ab
le
La
nd
Us
e
Po
ll
ut
an
t
Co
nt
ro
ll
ed
Urban EXtTaCtive Sediments
A
g
r
i
c
u
l
t
u
r
e
F
o
r
e
s
t
Transportation
Description
Diversion is the process of collecting and channeling the water before it reaches
eroda
ble
mater
ial
or sl
opes.
Size
and g
radie
nts o
f the
ditch
es a
re de
signe
d to
carr
y ex
pect
ed
flow
s es
tima
ted
by k
nowl
edge
of h
isto
rica
l st
orm
inte
nsit
ies
and
drai
nage
area
s.
Flum
e, c
u1Ve
rts,
rip
rap
and
vari
ous
form
s of
matt
ing
can
be u
sed
in c
hann
els
conv
eyin
gwat
er d
own
stee
p sl
opes
to p
reve
nt e
rosi
on.
Dike
s ca
n be
used
in t
he s
ame
mann
er a
s di
tche
s an
d ar
e of
ten
used
toge
ther
when
mate
rial
exca
vate
d
from a ditch is used to form a down slope dike.
Div
ers
ion
s a
re
als
o u
sed
to
pre
ven
t r
uno
ff
fro
m e
nte
rin
g a
rea
s w
her
e i
t w
ill
bec
ome
con
tam
ina
ted
and
the
res
ult
ant
vol
ume
of
eff
lue
nt
bec
ome
s h
ard
to
han
dle
.
Pre
ven
tio
n
of
run
off
fro
m
ent
eri
ng
liv
est
ock
con
fin
eme
nt
are
as,
or
int
o
min
e
sit
es
and
tai
lin
gs
areas are frequent applications.
Ad
va
nt
ag
es
Di
sa
dv
an
ta
ge
s
In
mo
st
ca
se
s
di
ve
rs
io
n
is
an
ec
on
om
ic
al
-
Ut
il
iz
es
a
po
rt
io
n
of
th
e
la
nd
ar
ea
fo
r
fo
rm
of
er
os
io
n
co
nt
ro
l.
It
is
of
te
n
le
ss
a
si
ng
le
pu
rp
os
e.
ex
pe
ns
iv
e
th
an
co
ns
tr
uc
ti
ng
se
tt
li
ng
po
nd
s
for the repair of erosion damage.
Si
mi
la
rl
y
it
is
of
te
n
mo
re
ec
on
om
ic
al
to
ha
nd
le
an
d
tr
ea
t
co
nc
en
tr
at
ed
ef
fl
ue
nt
s
th
an
to
wo
rk
wi
th
hi
gh
vo
lu
me
lo
w
st
re
ng
th
s
wa
st
e
streams.
 
Operating and Maintenance Costs
— Periodic removal of accumulated sediments
which may decrease hydraulic capacity of
diversion and cause overtopping and
fai
lur
e.
‘
Capital Costs
Di
ve
rs
io
n
di
tc
he
s
co
st
fr
om
$1
.3
0
to
$3
.9
0
pe
r
cu
bi
c
me
tr
e.
Di
ke
s
ra
ng
e
fr
om
$0
.4
5
to
$0.85 per cubic metre.
 
Previous Experience
A
wi
de
ly
us
ed
te
ch
ni
qu
e
in
ma
ny
ty
pe
s
of
ap
pl
ic
at
io
n.
i
'
So
ur
ce
of
|n
fo
rm
at
io
n
22
,3
4,
61
,1
15
,1
19
,6
6,
1_
79
,1
o7
,1
08
.1
10
.1
37
.1
45
.1
80
.2
21
,2
37
.
'
 
 T
W
ﬂ
e
T
e
r
r
a
c
e
s
(D
iv
er
si
on
Te
rr
ac
es
)
22
 
l(
ey
vv
or
ds
Ag
ri
cu
lt
ur
e,
Ur
ba
n,
Fo
re
st
,
Ex
tr
ac
ti
ve
,
Tr
an
sp
or
ta
ti
on
,
Se
di
me
nt
s.
Ap
pl
ic
ab
le
L
a
n
d
U
s
e
Po
ll
ut
an
t
Co
nt
ro
ll
ed
 
Ag
ri
cu
lt
ur
e
Ex
tr
ac
ti
ve
Se
di
me
nt
s
Ur
ba
n
Tr
an
sp
or
ta
ti
on
Forest
Description
Th
es
e
te
ch
ni
qu
es
su
pp
or
t
co
nt
ou
ri
ng
an
d
ag
ro
no
mi
c
pr
ac
ti
ce
s
by
re
du
ci
ng
ef
fe
ct
iv
e
sl
op
e
le
ng
th
an
d
ru
no
ff
co
nc
en
tr
at
io
n
th
er
eb
y
re
du
ci
ng
er
os
io
n
du
e
to
lo
we
r
ve
lo
ci
ti
es
.
So
il
mo
is
tu
re
co
ns
er
ve
d
by
gr
ea
te
r
im
pe
da
nc
e
an
d
th
er
ef
or
e
an
in
cr
ea
se
in
in
fi
lt
ra
ti
on
.
Te
rr
ac
es
ca
n
be
co
ns
tr
uc
te
d
in
ar
ea
s
wh
er
e
th
e
sl
op
e
of
th
e
la
nd
ca
n
be
in
cr
ea
se
d
in
sh
or
t
ar
ea
s
an
d
de
cr
ea
se
d
ov
er
la
rg
er
ar
ea
s
so
th
at
th
e
st
ee
p
are
as
are
red
uce
d
or
res
tri
cte
d
to
tol
era
ble
amo
unt
s
and
the
int
ens
ive
pra
cti
ces
are
car
rie
d o
ut
on
the
lar
ger
are
a o
n t
he
ter
rac
e.
Som
e
lar
ge
hil
lsi
de
agr
icu
ltu
ral
sch
eme
ter
rac
es
may
be
ten
s
of
met
res
wid
e,
whe
re
in
som
e
rug
ged
par
ts
of
the
Wor
ld
th
e
te
rr
ac
es
th
em
se
lv
es
ma
y
no
t
ac
hi
ev
e
ev
en
5 m
et
re
s.
Th
is
te
ch
ni
qu
e
is
ge
ne
ra
ll
y
co
ns
id
er
ed
im
pr
ac
ti
ca
l
on
la
nd
sl
op
es
ov
er
10
-
12%
be
ca
us
e
th
e
st
ee
pe
r
ba
ck
sl
op
es
te
nd
to
ne
ga
te
th
e
be
ne
fi
ts
of
th
e
te
rr
ac
e
at
hi
gh
er
sl
op
es
.
Ad
va
nt
ag
es
Di
sa
dv
an
ta
ge
s
Re
du
ct
io
n
of
ef
fe
ct
iv
e
sl
op
e
le
ng
th
th
er
e-
fore reduction of velocity and therefore
reduction of erosion. Adaptable to most
sloping land conditions.
May impede the use of large machinery.
Ca
pi
ta
l C
os
ts
Op
er
at
in
g
an
d
Ma
in
te
na
nc
e
Co
st
s
Estimated at $120 to $250 per hectare.
Higher capital costs if terraces are nar—
rower and steeper.
 
Previous Experience
This technique is used throughout the world.
  
L
l
sou
rce
Of
Inf
orm
ati
on
240
,10
7,1
08,
110
,12
0,1
21,
128
,13
7,1
81,
239
,23
7,2
33,
92.
 11
ue
No
-T
il
la
ge
Cu
lt
iv
at
io
n
(S
ho
t
Pl
an
ti
ng
,
Ze
ro
Ti
ll
ag
e)
23
 
Keyvvords Agriculture, Sediments.
 
App
lic
abl
e L
an
d U
se
Pol
lut
ant
Con
tro
lle
d
Ag
ri
cu
lt
ur
e
Se
di
me
nt
s
Description
No
—t
il
la
ge
cu
lt
iv
at
io
n
is
a
me
th
od
of
pl
an
ti
ng
cr
op
s
th
at
in
vo
lv
es
no
se
ed
be
d
pr
e—
pa
ra
ti
on
ot
he
r
th
an
Op
en
in
g
of
so
il
fo
r
th
e
pu
rp
os
e
of
pl
ac
in
g
th
e
se
ed
at
th
e
in
te
nd
ed
de
pt
h.
Th
is
us
ua
ll
y
in
vo
lv
es
op
en
in
g
a
sm
al
l
sl
it
or
pu
nc
hi
ng
a
ho
le
in
to
th
e
so
il
.
Th
er
e
is
us
ua
ll
y
no
cu
lt
iv
at
io
n
du
ri
ng
cr
op
pr
od
uc
ti
on
.
Ch
em
ic
al
we
ed
co
nt
ro
l
is
no
rm
al
ly
re
qu
ir
ed
.
Th
is
pr
ac
ti
ce
is
ef
fe
ct
iv
e
in
do
rm
an
t
gr
as
s
or
sm
al
l
gr
ai
ns
an
d
in
ro
w
cr
op
re
si
du
es
.
Th
e
te
ch
ni
qu
e
mi
ni
mi
ze
s
sp
ri
ng
se
di
me
nt
su
rg
es
an
d
pr
ov
id
es
ye
ar
ro
un
d
er
os
io
n
co
nt
ro
l.
Th
e
te
ch
ni
qu
e,
ho
we
ve
r,
ha
s
ha
d
a
te
nd
en
cy
to
re
du
ce
cr
op
yi
el
ds
on
th
e
fi
ne
r
te
xt
ur
ed
,
po
or
ly
dr
ai
ne
d
so
il
s
du
e
to
a
sl
ow
in
g
of
th
e
so
il
te
mp
er
at
ur
e
in
cr
ea
se
ca
us
ed
by
th
e
mu
lc
h
ef
fe
ct
of
th
e
pr
ev
io
us
cr
op
re
si
du
e.
A
la
ck
of
ad
eq
ua
te
pl
an
ti
ng
eq
ui
pm
en
t
wh
ic
h
wi
ll
pr
od
uc
e
go
od
so
il
-s
ee
d
co
nt
ac
t
ha
s
hi
nd
er
ed
th
e
yi
el
ds
on
so
me
so
il
s
wi
th
th
is
te
ch
ni
qu
e.
La
ck
of
ti
ll
ag
e
du
ri
ng
ap
pl
ic
at
io
n
of
fe
rt
il
iz
er
ma
y
re
su
lt
in
hi
gh
so
lu
bl
e
ph
os
ph
or
ou
s
lo
ad
in
gs
du
ri
ng
ru
no
ff
events .
Re
du
ct
io
n
of
se
di
me
nt
lo
ss
in
th
e
or
de
r
of
90
%
ha
s
be
en
me
as
ur
ed
on
lo
am
so
il
wi
th
8%
sl
op
e
an
d
in
co
nt
in
uo
us
co
rn
,
at
th
e
Un
iv
er
si
ty
of
Gu
el
ph
(3
6)
.
Ad
va
nt
ag
es
Di
sa
dv
an
ta
ge
s
Cr
op
re
si
du
es
re
ma
in
un
di
st
ur
be
d
on
so
il
De
la
ys
so
il
wa
rm
in
g
an
d
dr
yi
ng
.
su
rf
ac
e'
In
cr
ea
se
d
us
e
of
ch
em
ic
al
s
an
d
pe
st
ic
id
es
.
Gr
ea
tl
y
re
du
ce
$0
11
eT
OS
io
n'
Un
de
r
so
me
co
nd
it
io
ns
,
de
cr
ea
se
d
yi
el
ds
E
n
e
r
g
y
s
a
v
i
n
g
b
e
c
a
u
s
e
o
f
r
e
d
u
c
e
d
m
a
n
/
a
r
e
e
x
p
e
r
i
e
n
c
e
d
.
ma
Ch
in
e/
fu
el
re
qu
ir
em
en
ts
“
So
me
cl
im
at
ic
an
d
so
il
re
st
ri
ct
io
ns
.
Increased loss of soluble phosphorus.
Ca
pi
ta
l
Co
st
s
Op
er
at
in
g
an
d
Ma
in
te
na
nc
e
Co
st
s
$
7
.
2
0
p
e
r
a
c
r
t
zw
a
s
e
s
t
i
m
a
t
e
d
b
y
o
n
e
I
n
c
r
e
a
s
e
d
h
e
r
b
i
c
i
d
e
i
n
s
e
c
t
i
c
i
d
e
a
n
d
r
e
s
e
a
r
c
h
e
r
(
2
3
9
a
s
t
h
e
p
o
t
e
n
t
i
a
l
l
o
s
s
d
u
e
t
o
f
e
r
t
i
1
i
z
e
r
c
o
s
t
s
,
y
i
e
l
d
r
e
d
u
c
t
i
o
n
o
n
t
h
e
f
i
n
e
t
e
x
t
u
r
e
d
s
o
i
l
s
.
C
o
s
t
s
w
o
u
l
d
b
e
l
e
s
s
o
n
m
o
r
e
f
a
v
o
u
r
a
b
l
e
s
o
i
l
s
.
C
a
n
r
e
s
u
l
t
i
n
u
p
t
o
1
6
%
i
n
c
r
e
a
s
e
i
n
y
i
e
l
d
O
V
e
r
c
o
n
v
e
n
t
i
o
n
a
l
c
l
e
a
n
t
i
l
l
a
g
e
o
n
c
o
a
r
s
e
r
textured soils.
  
Previous Experience
L
i
m
i
t
e
d
u
s
e
in
C
a
n
a
d
a
a
n
d
t
h
e
U
n
i
t
e
d
S
t
a
t
e
s
.
R
e
s
e
a
r
c
h
b
e
i
n
g
c
o
n
d
u
c
t
e
d
at
U
n
i
v
e
r
s
i
t
y
of Guelph.
1
3
7
,
2
4
9
,
1
8
1
,
1
8
2
,
2
3
9
,
2
3
7
.
 
So
ur
ce
of
In
fo
rm
at
io
n
88
:
 
    
1
1
ﬂ
e
P
e
s
t
i
c
i
d
e
A
p
p
l
i
c
a
t
i
o
n
M
e
t
h
o
d
s
2
4
K
e
y
v
v
o
r
d
s
A
g
r
i
c
u
l
t
u
r
e
,
U
r
b
a
n
,
R
e
c
r
e
a
t
i
o
n
,
F
o
r
e
s
t
r
y
,
T
r
a
n
s
p
o
r
t
a
t
i
o
n
,
P
e
s
t
i
c
i
d
e
s
.
A
p
p
l
i
c
a
b
l
e
L
a
n
d
U
s
e
P
o
l
l
u
t
a
n
t
C
o
n
t
r
o
l
l
e
d
A
g
r
i
c
u
l
t
u
r
e
T
r
a
n
s
p
o
r
t
a
t
i
o
n
P
e
s
t
i
c
i
d
e
s
Urban
Recreation
Forestry
Description
Th
e
am
ou
nt
of
pe
st
ic
id
es
en
te
ri
ng
la
ke
s
an
d
st
re
am
s
is
in
fl
ue
nc
ed
by
th
e
me
th
od
of
ap
pl
ic
at
io
n,
th
e
so
lu
bi
li
ty
an
d
vo
la
ti
li
ty
of
pe
st
ic
id
es
.
Pe
st
ic
id
es
in
co
rp
or
at
ed
in
—
to
t
h
e
so
il
r
a
t
h
e
r
t
h
a
n
le
ft
on
th
e
s
ur
f
a
c
e
of
so
il
an
d
p
l
a
n
t
s
ar
e
le
ss
s
ub
j
e
c
t
to
ev
ap
or
at
io
n
an
d
to
mo
ve
me
nt
by
ru
no
ff
wa
te
rs
.
Pe
st
ic
id
es
ar
e
ap
pl
ie
d
in
li
qu
id
fo
rm
s
as
a
sp
ra
y
or
in
a
so
li
d
fo
rm
as
a
du
st
or
gr
an
ul
e.
Pr
es
en
t
me
th
od
s
of
ap
pl
ic
at
io
n
ar
e
im
pe
rf
ec
t
an
d
so
me
of
th
e
pe
st
ic
id
e
re
ac
he
s
no
n—
ta
rg
et
or
ga
ni
sm
s
by
wi
nd
dr
if
t,
an
d
vo
la
ti
li
za
ti
on
of
th
e
wa
te
r
ca
rr
yi
ng
th
e
pe
st
ic
id
e.
Th
e
pe
st
ic
id
e
ma
te
ri
al
ma
y
en
te
r
op
en
bo
di
es
of
wa
te
r
di
re
ct
ly
or
af
te
r
fa
ll
ou
t
an
d
wa
sh
ou
t.
Du
st
ed
an
d
sp
ra
ye
d
pe
st
ic
id
es
ar
e
su
bj
ec
t
to
dr
if
t
wh
ic
h
is
re
la
te
d
to
pa
rt
ic
le
si
ze
,
wi
nd
sp
ee
d
cl
im
at
o—
lo
gi
ca
l
in
ve
rs
io
n
an
d
he
ig
ht
of
pe
st
ic
id
e
em
is
si
on
.
In
ce
rt
ai
n
ci
rc
um
st
an
ce
s
su
ch
as
ap
pl
ic
at
io
n
ag
ai
ns
t
fo
li
ag
e
or
tr
ea
tm
en
t
of
th
e
un
de
rs
id
e
of
le
av
es
,
dr
if
t
is
ne
ed
ed
to
pr
ov
id
e
co
mp
le
te
co
ve
ra
ge
.
Dr
if
ti
ng
ca
n
be
re
du
ce
d
by
sp
ra
yi
ng
an
d
du
st
in
g
wh
en
wi
nd
an
d
ot
he
r
co
nd
it
io
ns
ar
e
mo
st
su
it
ab
le
.
Re
se
ar
ch
sh
ow
s
po
te
nt
ia
l
of
te
ch
ni
qu
es
to
pr
od
uc
e
pa
rt
ic
le
s
of
mo
re
un
if
or
m
si
ze
an
d
th
us
re
du
ce
th
e
nu
mb
er
of
sm
al
l
pa
rt
ic
le
s
ap
t
to
dr
if
t.
Va
ri
ou
s
em
ul
si
fi
er
s
an
d
oi
ls
ca
n
be
ad
de
d
to
th
e
sp
ra
y
to
in
cr
ea
se
dr
Op
le
t
si
ze
an
d
re
du
ce
dr
if
t.
Gr
an
ul
ar
pe
st
ic
id
es
dr
if
t
th
e
le
as
t,
ho
we
ve
r
th
ei
r
va
lu
e
in
ce
rt
ai
n
ab
ov
e
gr
ou
nd
us
es
is
li
mi
te
d
be
ca
us
e
th
ey
do
no
t
pr
ov
id
e
as
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mp
le
te
ph
ys
ic
al
co
ve
ra
ge
as
a
sp
ra
y
or
a
du
st
._
Es
ti
ma
te
d
50
%
to
75
%
re
du
ct
io
n
of
pe
st
ic
id
es
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ru
no
ff
if
be
st
pr
ac
ti
ca
l
ap
pl
ic
at
io
n
ra
te
s
an
d
me
th
od
s
pr
ac
ti
ce
s
we
re
em
pl
c
Advantages
 
Disadvantages
—
co
nt
ro
ll
ed
ap
pl
ic
at
io
n
sh
ou
ld
re
su
lt
in
—
sl
ow
er
op
er
at
io
n
le
ss
wa
st
ag
e
an
d
mo
re
ef
fe
ct
iv
e
tr
ea
tm
en
t
-
mi
ni
mi
ze
po
ll
ut
io
n
by
dr
if
t
an
d
wa
sh
of
f
 
C
o
s
t
I
m
p
l
i
c
a
t
i
o
n
s
—
ch
em
ic
al
co
st
s
sh
ou
ld
be
lo
we
r
- a
ppl
ica
tio
n
cos
ts
cou
ld
inc
rea
se
to
all
ow
for
spe
cia
l
equ
ipm
ent
or
mor
e
car
efu
l
application
P
r
e
v
i
o
u
s
E
x
p
e
r
i
e
n
c
e
Mos
t a
ppl
ica
tio
n m
eth
ods
are
wel
l d
ocu
men
ted
and
enc
our
age
d b
y
the
pes
tic
ide
man
u—
fac
tur
ers
.
Goo
d q
ual
ity
mac
hin
ery
is
ava
ila
ble
wit
h c
ont
inu
ing
imp
rov
eme
nts
.
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,
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,
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1
,
2
7
5
,
2
6
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Keyvvords Agriculture, Forestry, Transportation, Urban, Recreation, Pesticides
 
Applicable Land Use Pollutant Controlled
Agriculture Urban Pesticides
Forestry
Recreation
Transportation
Description
Non—chemical methods of pest control can reduce the use of pesticides and thus their
entering into the environment. However, for the foreseeable future there will be a
continuing need for pesticides in combination with these methods. These non-chemical
methods include the following:
1) Agricultrual practices: These practices include changes in methods of cultivating
ie. the removal of crop debris which provides host sites to pests.
2) Biological control: A substantial number of devastating and extensive pest problems
have been resolved by introducing or conserving natural pest enemies. This
technique is still in the research stage and not fully reliable.
3) Insect sterilization: The use of sexual sterilants for the supression of insect
population.
4) Insect toxins and pathogens: A form of germ or virus warfare against pests using
organisms which are highly specific to the target pest. Very few toxins or patho—
gens are yet licensed for use in any part of North America.
5) Insect attractants: Includes fluorescent light rings, sexual attractants, etc.
which attract alien insects for destruction or sterilization, etc.
Advantages Disadvantages
— decreased use of pesticides - increased production costs, time and
inconvenience
~ techniques still in developmental stage
— less controllable and site specific
techniques.
 
Cost Implications
- potential savings in pesticide costs.
- alternative costs not sufficiently identified.
Previous Experience
Only cultural practices, insect attractants and insect sterilization are beyond the
research stage.
Source oflnformation 181, 182, 137: 239,266-
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K
e
y
w
o
r
d
s
A
g
r
i
c
u
l
t
u
r
e
,
F
o
r
e
s
t
r
y
,
C
h
e
m
i
c
a
l
s
,
N
u
t
r
i
e
n
t
s
.
A
p
p
l
i
c
a
b
l
e
L
a
n
d
U
s
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o
l
l
u
t
a
n
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o
n
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o
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c
u
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e
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u
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i
e
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Description
Sl
ow
r
e
l
e
a
s
e
f
e
r
t
i
l
i
ze
r
s
m
a
y
b
e
us
ed
to
m
i
n
i
m
i
z
e
p
o
s
s
i
b
l
e
n
i
t
r
o
g
e
n
lo
ss
es
on
so
il
s
s
u
b
j
e
c
t
t
o
l
e
a
c
h
i
n
g
.
C
h
e
m
i
c
a
l
i
n
h
i
b
i
t
o
r
s
,
t
h
a
t
c
a
n
b
e
i
n
c
o
r
p
o
r
a
t
e
d
w
i
t
h
n
i
t
r
o
g
e
n
f
e
r
t
i
l
i
z
e
r
h
a
v
e
b
e
e
n
d
e
v
e
l
o
p
e
d
t
o
d
e
l
a
y
n
i
t
r
i
f
i
c
a
t
i
o
n
.
P
r
e
s
e
n
t
l
y
,
t
h
e
g
e
n
e
r
a
l
u
s
e
o
f
t
h
e
s
e
i
n
h
i
b
i
t
o
r
s
i
n
a
g
r
i
c
u
l
t
u
r
e
is
r
e
s
t
r
i
c
t
e
d
b
y
t
h
e
h
i
g
h
c
o
s
t
s
.
N
i
t
r
i
f
i
c
a
t
i
o
n
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v
e
r
y
sl
ow
at
lo
we
r
so
il
t
e
m
p
e
r
a
t
ur
e
s
he
nc
e,
an
hy
dr
ou
s
a
m
m
o
n
i
a
ca
n
h
a
ve
sl
ow
re
—
le
as
e
pr
op
er
ti
es
if
th
e
so
il
te
mp
er
at
ur
e
is
lo
w.
A
sl
ow
r
e
l
e
a
s
e
n
i
t
r
o
g
e
n
f
e
r
t
i
l
i
ze
r
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al
so
a
lo
ng
r
e
l
e
a
s
e
f
e
r
t
i
l
i
ze
r
an
d
t
h
e
r
e
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r
e
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t
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e
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sw
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nt
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ll
ut
io
n.
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nu
tr
ie
nt
s
ar
e
no
t
ad
eq
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te
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ed
by
a
cr
op
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ri
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a
gr
ow
in
g
se
as
on
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gh
le
ve
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of
ni
tr
at
e
m
a
y
r
e
s
ul
t
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th
e
so
il
d
ur
i
n
g
n
o
n
cr
op
m
o
n
t
h
s
an
d
n
u
t
r
i
e
n
t
p
o
l
l
u
t
i
o
n
m
a
y
re
su
lt
.
Th
es
e
ma
te
ri
al
s
ar
e
mo
st
ef
fe
ct
iv
e
on
pa
st
ur
es
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th
pl
an
ts
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vi
ng
a
lo
ng
gr
ow
—
ing season.
A
d
v
a
n
t
a
g
e
s
D
i
s
a
d
v
a
n
t
a
g
e
s
—
re
du
ct
io
n
of
fe
rt
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er
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e
—
if
ex
ce
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nu
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ie
nt
s
ar
e
no
t
en
ti
re
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—
be
tt
er
ut
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iz
at
io
n
of
fe
rt
il
iz
er
s
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ed
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ri
ng
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e
gr
ow
in
g
se
as
on
,
time for washoff.
 
th
ey
wi
ll
be
av
ai
la
bl
e
du
ri
ng
a
lo
ng
er
Cost Implications
Th
er
e
is
an
in
cr
ea
se
d
co
st
in
th
e
fe
rt
il
iz
er
ap
pl
ie
d
wh
ic
h
wo
ul
d
be
pa
rt
ia
ll
y
of
fs
et
by
th
e
in
cr
ea
se
d
ef
fi
ci
en
cy
of
us
e.
Tw
o
ty
pe
s
of
sl
ow
re
le
as
e
ni
tr
og
en
fe
rt
il
iz
er
s
ar
e
cu
rr
en
tl
y
av
ai
la
bl
e.
Ur
ea
fo
rm
al
de
hy
de
an
d
Su
lf
ur
—c
oa
te
d
Ur
ea
.
Fo
r
co
mp
ar
ab
le
ni
tr
og
en
av
ai
la
bi
li
ty
th
e
sl
ow
re
le
as
e
fe
rt
il
iz
er
s
co
st
ab
ou
t
$2
75
to
$3
50
pe
r
to
nn
e
mo
re
th
an
th
e
co
nv
en
ti
on
al
am
mo
ni
um
ni
tr
at
e
fe
rt
il
iz
er
.
Previous Experience
Sl
ow
re
le
as
e
fe
rt
il
iz
er
s
ar
e
wi
de
ly
av
ai
la
bl
e
an
d
ha
ve
be
en
us
ed
in
re
ce
nt
ye
ar
s.
 
So
ur
ce
of
In
fo
rm
at
io
n
18
2,
13
7,
14
9,
18
1,
19
0,
23
7,
23
9.
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Key
wor
ds
Agr
icu
ltu
re,
For
est
ry,
Che
mic
als
, N
utr
ien
ts.
 
Applicable Land Use Pollutant Controlled
Agriculture Chemicals
Forestry Nutrients
Description
The method of application and placement of fertilizers in relation to root distribution
and moisture is important in increasing the effectiveness of fertilizers. General
methods for applying fertilizer include broadcasting and disking, plowing before
planting and top-dressing after the crop has been established. Placement of phosphate
ferti
lizer
with
respe
ct to
the p
lant
root
syste
m is
criti
cal b
ecaus
e of
its
limit
ed
movement. If the phosphorus is not utilized by theplant it is subject to erosion
with
soil
part
icle
s.
On s
oils
of l
ow o
r mo
dera
te f
ixin
g ca
paci
ties
broa
dcas
ting
the
fert
iliz
er o
n th
e su
rfac
e an
d pl
owin
g it
unde
r is
one
of t
he m
ost
econ
omic
al m
etho
ds
of a
ppli
cati
on b
ut n
utri
ents
may
be l
ost
if t
he f
erti
lize
r is
not
plow
ed u
nder
.
Fert
iliz
er s
houl
d be
inco
rpor
ated
into
the
soil
by s
uch
meth
ods
as d
iski
ng o
r wh
en
seed
dril
ling
.
Plac
emen
t of
fert
iliz
er i
n ba
nds
unde
r th
e su
rfac
e is
an e
ffic
ient
use
of n
utri
ents
and
mini
mize
s l
osse
s by
surf
ace
eros
ion.
Top
dres
sing
of p
hosp
hate
fert
iliz
er i
s of
ten
the
only
meth
od o
f fe
rtil
izin
g e
stab
lish
ed p
astu
res
and
some
foliage crops.
Adv
ant
age
s
Dis
adv
ant
age
s
~
po
te
nt
ia
l
sa
vi
ng
in
fe
rt
il
iz
er
co
st
s
—
no
ne
—
be
tt
er
ut
il
iz
at
io
n
of
nu
tr
ie
nt
s
 
Cost Implications
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e
us
e
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at
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n
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ad
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pr
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ce
s
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d
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d
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at
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y
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at
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st
s.
n
i
Previous Experience
A
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e
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ic
h
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fe
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e
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d
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.
   
/
s
o
u
r
c
e
o
f
I
n
f
o
r
m
a
t
i
o
n
1
8
2
,
1
3
7
,
1
1
6
,
1
4
9
,
1
8
1
,
1
9
0
,
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.
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c
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i
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c
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i
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c
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p
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c
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r
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i
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c
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b
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b
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p
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ra
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h
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s
e
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a
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o
r
s
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ou
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c
o
n
s
i
d
e
r
e
d
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t
i
m
i
n
g
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e
r
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i
l
i
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r
a
p
p
l
i
c
a
t
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n
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a
x
i
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z
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e
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i
c
i
e
n
c
y
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d
u
t
i
l
i
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t
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n
b
y
c
r
o
p
s
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d
to
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n
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d
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ng
.
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d
at
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y
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d
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e
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or
in
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e
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b
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a
p
p
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p
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g
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me
,
T
h
e
b
e
s
t
t
i
m
e
s
h
o
u
l
d
b
e
d
e
t
e
r
m
i
n
e
d
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e
ba
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s
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il
,
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im
at
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co
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it
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,
an
d
th
e
cr
op
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in
g
gr
ow
n.
wi
nt
er
pr
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ip
it
at
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n
wh
er
e
le
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tr
if
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at
io
n
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ss
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ma
y
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r,
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ng
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tr
og
en
fe
rt
il
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er
s
sh
ou
ld
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ve
r
be
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t
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d
u
r
i
n
g
p
e
r
i
o
d
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p
r
e
c
i
p
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o
n
.
u
n
u
s
e
d
n
i
t
r
a
t
e
s
m
o
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d
o
wn
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r
d
in
to
th
e
so
il
.
results.
cr
op
s.
Fo
r
ro
w
cr
op
s,
a
po
rt
io
n
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th
e
ni
tr
og
an
d
ad
di
ti
on
al
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ou
nt
s
ma
y
be
si
de
—d
re
ss
ed
.
ap
pl
ic
at
io
n
is
us
ua
ll
y
be
st
.
frozen land.
The
In
ge
ne
ra
l,
ph
os
ph
at
e
an
d
In areas of high
Advantages
—
po
te
nt
ia
l
sa
vi
ng
s
of
fe
rt
il
iz
er
co
st
s
du
e
to
be
tt
er
ut
il
iz
at
io
n
 
Disadvantages
-
ti
mi
ng
of
op
ti
mu
m
fe
rt
il
iz
er
ap
pl
ic
at
io
n
ma
y
co
in
ci
de
wi
th
hi
gh
es
t
fr
eq
ue
nc
y
of runoff events
Cost Implications
- potential savings
Previous Experience
-
co
mm
on
"g
oo
d
fa
rm
in
g"
pr
ac
ti
ce
 
A Source of Information
182, 33, 100, 137, 116, 181, 239, 237.
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Keyvvords Agriculture, Sediments.
 
Applicable Land Use Pollutant Controlled
Agriculture Sediments
Description
The most effective roughening depth for combating wind erosion for soil is 5 to 13 cm.
The minimum stubble-mulch tillage leaves the soil in a rougher condition than
conventional tillage. Special planters such as deep—furrow or hoe drills produce
a roughness in the 5 to 13 cm. range and are especially effective in providing wind
resistant surfaces. Emergency tillage in which land is roughened with chisels or
listers is used as a last resort when vegetative cover is not adequate to provide
contr01_ This technique can be used for both fall and spring tillage operations
depending upon the occurrenceof wind erosive conditions. Chisel and disk ploughs are
also useful implements to achieve a rough land surface.
Although primarily a wind erosion oriented technique, surface roughening is beneficial
with respect to reducing sheet erosion as well.
 
Advantages Disadvantages
— effective low cost method of wind
erosion control
- secondary benefits due to increased
infiltration and surface detention of
runoff
— seed bed preparation may not be optimum
 
Cost Implications
— low cost technique .
-
ma
y
be
in
co
rp
or
at
ed
in
to
ot
he
r
ti
ll
ag
e
op
er
at
io
ns
Previous Experience
- wide spread use in areas prone to wind erosianumich includes parts of the northern
states and southwest Ontario.
   
Source otlnformation 182’ 137’ 180’ 237’ 106‘
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o
s
t
c
l
o
d
d
i
n
e
s
s
i
s
a
c
h
i
e
v
e
d
b
y
u
s
i
n
g
5
c
m
.
c
h
i
s
e
l
s
w
i
t
h
8
0
c
m
.
s
w
e
e
p
s
f
o
l
l
o
w
e
d
i
n
o
r
d
e
r
b
y
d
i
s
k
s
,
r
o
d
w
e
e
d
e
r
s
w
i
t
h
s
h
o
v
e
l
s
a
n
d
l
a
r
g
e
V
—
s
w
e
e
p
s
.
S
o
i
l
a
g
g
r
e
g
a
t
i
o
n
a
n
d
c
l
o
d
d
i
n
e
s
s
a
r
e
a
l
s
o
e
f
f
e
c
t
e
d
o
n
t
h
e
l
o
n
g
t
e
r
m
b
a
s
i
s
b
y
c
r
o
p
r
e
s
i
d
u
e
m
a
n
a
g
e
m
e
n
t
.
F
o
r
e
x
a
m
p
l
e
,
1
,
1
0
0
k
i
l
o
g
r
a
m
s
p
e
r
h
e
c
t
a
r
e
r
e
s
i
d
u
e
p
e
r
c
r
o
p
p
i
n
g
p
e
r
i
o
d
w
i
l
l
r
e
d
u
c
e
t
h
e
w
i
n
d
e
r
o
d
a
b
l
e
s
o
i
l
f
r
a
c
t
i
o
n
a
b
o
u
t
4%
.
(1
37
)
A
l
t
h
o
u
g
h
p
r
i
m
a
r
i
l
y
a
w
i
n
d
e
r
o
s
i
o
n
o
r
i
e
n
t
e
d
t
e
c
h
n
i
q
u
e
,
p
r
o
m
o
t
i
o
n
o
f
s
o
i
l
c
l
o
d
s
a
n
d
a
g
g
r
e
g
a
t
e
s
is
b
e
n
e
f
i
c
i
a
l
in
r
e
d
u
c
i
n
g
s
h
e
e
t
e
r
o
s
i
o
n
f
r
o
m
r
u
n
o
f
f
.
I
n
f
i
l
t
r
a
t
i
o
n
a
n
d
s
u
r
f
a
c
e
d
e
t
e
n
t
i
o
n
is
i
n
c
r
e
a
s
e
d
.
Ad
va
nt
ag
es
Di
sa
dv
an
ta
ge
s
—
lo
w
co
st
me
th
od
fo
r
re
du
ci
ng
wi
nd
er
os
io
n
—
ma
y
no
t
be
co
nd
uc
iv
e
to
so
me
fi
ne
se
ed
beds
 
,f _,
Cost Implications
—
r
e
q
ui
r
e
s
p
l
a
n
n
i
n
g
of
t
i
l
l
a
g
e
p
r
a
c
t
i
c
e
s
—
ma
y
in
vo
lv
e
on
e
or
tw
o
ad
di
ti
on
al
ti
ll
ag
e
op
er
at
io
ns
du
ri
ng
ye
ar
to
ma
in
ta
in
roughness
 
;'4
Pr
ev
io
us
E
x
p
e
r
i
e
n
c
e
‘
Co
mm
on
us
e
in
ar
ea
s
su
bj
ec
t
to
wi
nd
er
os
io
n
wh
ic
h
in
cl
ud
es
pa
rt
s
of
th
e
no
rt
he
rn
st
at
es
a
n
d
s
o
u
t
h
w
e
s
t
e
r
n
O
n
t
a
r
i
o
.
S
o
u
r
c
e
o
f
I
n
f
o
r
m
a
t
i
o
n
1
8
2
,
1
3
7
.
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Key
wor
ds
Agr
icu
ltu
re,
For
est
,
Ext
rac
tiv
e,
Sed
ime
nts
.
 
Ap
pl
ic
ab
le
La
nd
Us
e
Pol
lut
ant
Co
nt
ro
ll
ed
Agriculture Sediments
Forest
Extractive
Description
Str
ipc
rop
pin
g i
s p
rac
tic
ed
as
a m
ean
s o
f r
edu
cin
g e
ros
ion
on
til
led
soi
ls.
The
int
ent
is
to
bre
ak
the
len
gth
of
the
slo
pe
int
o s
egm
ent
s b
y l
ayi
ng
out
str
ips
acr
oss
the
nat
ura
l s
lop
e o
f t
he
lan
d.
Str
ips
of
clo
se
gro
win
g c
rop
s o
r m
ead
ow
gra
sse
s a
re
pla
nte
d
betw
een
till
ed r
ow c
rop
stri
ps t
o se
rve
as s
edim
ent
filt
ers
or b
uffe
r st
rips
in c
ontr
ol-
lin
g e
ros
ion
and
red
uci
ng
soi
ls
los
s u
p t
o 8
5%.
The
pra
cti
ce
eff
ect
ive
ly
red
uce
s t
he
vel
oci
ty
of
wat
er
as
it
leav
es
the
til
led
area
.
Run
off
is
abs
orb
ed
and
soi
l p
art
icl
es
are
ret
ain
ed
in
the
buf
fer
stri
p.
The
sys
tem
of
cro
ppi
ng
whe
re
the
str
ips
are
lai
d
out
nea
rly
per
pen
dic
ula
r t
o t
he
dir
ect
ion
of
the
slo
pe,
is
ref
err
ed
to
as
con
tou
r
str
ipc
rop
pin
g.
The
buf
fer
str
ips
can
var
y i
n w
idt
h a
cro
ss
the
fie
lds
to
mak
e t
hem
compatible with modern farm equipment use.
Thi
s
tec
hni
que
is
als
o u
sed
for
win
d
ero
sio
n
con
tro
l
whe
re
str
ips
are
pla
ced
acr
oss
the prevailing wind direction.
Ad
va
nt
ag
es
Di
sa
dv
an
ta
ge
s
— e
nc
ou
ra
ge
s
cr
op
ro
ta
ti
on
pr
ac
ti
ce
s
- n
ot
co
mp
at
ib
le
wi
th
th
e
us
e
of
la
rg
e
farming equ1pment on many topographies
—
do
es
no
t
af
fe
ct
fe
rt
il
iz
er
an
d
pe
st
i—
un
le
ss
su
ff
ic
ie
nt
ly
wi
de
ci
de
ra
te
s
if
ad
ja
ce
nt
cr
op
s
ar
e
-
le
ss
re
al
iz
ed
in
co
me
fr
om
fo
ra
ge
or
ha
y
com
pat
ibl
e
cro
p a
rea
s a
s c
omp
are
d w
ith
sho
rt
ter
m
returns for row crops on similar sloping
land
ca
pi
ta
i C
os
ts
Op
er
at
in
g
an
d
Ma
in
te
na
nc
e
Co
st
s
$2
5.
00
/
ha
fo
r
ca
pi
ta
l
co
st
s.
Th
is
cos
t_
$1
4.
00
/h
a
fo
r
am
or
ti
za
ti
on
of
ca
pi
ta
l
re
pr
es
en
ts
PO
te
nt
ia
l
10
55
in
Pr
Of
it
,
in
f
co
st
s,
op
er
at
io
n
an
d
ma
in
te
na
nc
e.
Al
so
st
al
la
ti
on
,
an
d
in
co
nv
en
ie
nc
es
in
pl
an
ti
ng
ac
co
un
ts
fo
r
di
ff
er
en
ce
s
in
ty
pe
s
of
cr
op
s
ti
ll
ag
e
an
d
ha
rv
es
ti
ng
pr
oc
ed
ur
es
.
an
d
yie
ld
s.
Th
e
fa
rm
er
sh
ou
ld
re
al
iz
e
tha
t
yields will decrease rapidly on steep land
if erosion is not controlled. This benefit
should also be evaluated when considering
the O a M costs.
 
Previous Experience
Wi
de
sp
re
ad
us
e
th
ro
ug
ho
ut
Ca
na
da
an
d
th
e
Un
it
ed
St
at
es
fo
r
ma
ny
ye
ar
s.
 
182, 239.
I
S
o
u
r
c
e
o
f
I
n
f
o
r
m
a
t
i
o
n
1
8
1
,
1
1
9
,
1
1
6
,
1
3
7
,
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Keywords Agriculture, Sediments.
Ap
pl
ic
ab
le
La
nd
Us
e
Po
ll
ut
an
t
Co
nt
ro
ll
ed
Ag
ri
cu
lt
ur
e
Se
di
me
nt
s
Description
Ti
ll
ag
e
sy
st
em
s
ar
e
of
te
n
us
ed
in
co
mb
in
at
io
n
wi
th
ot
he
r
er
os
io
n
co
nt
ro
l
me
as
ur
es
an
d
in
ma
ny
ca
se
s
ma
y
be
th
e
on
ly
co
nt
ro
l
me
as
ur
e
ne
ed
ed
or
us
ed
.
Ti
ll
ag
e
in
wh
ic
h
th
e
so
il
is
in
ve
rt
ed
ge
ne
ra
te
s
th
e
hi
gh
es
t
po
ss
ib
le
po
te
nt
ia
l
fo
r
er
os
io
n
by
wa
te
r
an
d
wi
nd
.
Th
e
sy
st
em
s
li
st
ed
be
lo
w
ha
ve
al
l
be
en
us
ed
an
d
ha
ve
sh
ow
n
to
be
ef
fe
ct
iv
e
in
re
du
ci
ng
water erosion.
l)
Ti
ll
pl
an
t
~
wi
th
th
is
sy
st
em
wi
de
sw
ee
p
an
d
tr
as
h
ba
rs
cl
ea
r
a
st
ri
p
ov
er
th
e
ol
d
ro
w
an
d
a
na
rr
ow
pl
an
te
r
sh
oe
op
en
s
a
se
ed
fu
rr
ow
in
to
wh
ic
h
se
ed
is
dr
op
pe
d,
a
na
rr
ow
wh
ee
l
pr
es
se
s
th
e
se
ed
in
to
fi
rm
er
so
il
;
co
ve
ri
ng
di
sk
s
pl
ac
e
lo
os
e
so
il
ov
er
th
e
se
ed
,
th
is
sy
st
em
co
nt
ro
ls
er
os
io
n
mo
st
sa
ti
sf
ac
to
ri
ly
wh
en
do
ne
on
th
e
co
nt
ou
r
or
ac
ro
ss
th
e
sl
op
e.
$4
.5
0/
ha
fo
r
op
er
at
io
n
be
yo
nd
st
an
da
rd
ty
pe
of
pl
an
ti
ng
.
2)
St
ri
p
ti
ll
ag
e
—
a
na
rr
ow
st
ri
p
is
ti
ll
ed
wi
th
ro
to
ti
ll
er
ga
ng
or
ot
he
r
im
pl
em
en
t.
Se
ed
is
pl
an
te
d
in
th
e
sa
me
op
er
at
io
n.
Th
is
sy
st
em
is
ap
pl
ic
ab
le
on
so
il
wh
er
e
so
me
ti
ll
ag
e
is
de
si
ra
bl
e
in
th
e
ro
w
zo
ne
.
$1
2.
50
/h
a
fo
r
op
er
at
io
n
be
yo
nd
st
an
da
rd
pl
an
ti
ng
techniques.
3)
Sw
ee
p
ti
ll
ag
e
—
th
is
pr
ac
ti
ce
is
us
ed
on
sm
al
l
gr
ai
n
st
ub
bl
e
to
ki
ll
th
e
ea
rl
y
fa
ll
we
ed
s,
it
sh
at
te
rs
an
d
li
ft
s
th
e
so
il
wh
il
e
le
av
in
g
th
e
re
si
du
e
in
pl
ac
e
fo
r
wa
te
r
and wind erosion control.
4)
Ch
is
el
pl
an
te
r
—
th
is
sy
st
em
br
ea
ks
or
lo
os
en
s
th
e
so
il
wi
th
ou
t
in
ve
rs
io
n,
mo
st
of
th
e
cr
op
re
si
du
e
re
ma
in
s
on
th
e
su
rf
ac
e
fo
r
co
nt
ro
l
of
wa
te
r
an
d
wi
nd
er
os
io
n.
5)
Pl
ow
-p
la
nt
— p
la
nt
in
g
is
do
ne
di
re
ct
ly
in
to
pl
ow
ed
gr
ou
nd
wi
th
no
se
co
nd
ar
y
ti
ll
ag
e
th
is
sy
st
em
in
cr
ea
se
s
in
fi
lt
ra
ti
on
,
wa
te
r
st
or
ag
e
in
th
e
pl
ow
la
ye
r,
su
rf
ac
e
st
or
ag
e
and
sur
fac
e r
oug
hne
ss.
Sur
fac
e d
ryi
ng
is
del
aye
d
bec
aus
eof
the
lar
ge
clo
ds
in
the
interrow zone.
6)
Whe
el
Tra
ck
pla
nt
- t
his
sys
tem
is
sim
ila
r
to
plo
w—p
lan
t
but
is
not
res
tri
cte
d t
o
fre
shl
y
plo
wed
gro
und
,
pla
nti
ng
is
don
e
in
the
whe
el
tra
ck
of
the
tra
cto
r
or
pla
nte
r.
Ad
va
nt
ag
es
ar
e
th
e
sa
me
as
fo
r
pl
ow
-p
la
nt
.
See
als
o c
ata
log
ue
she
ets
Nos
.
23,
38,
33
and
19
for
add
iti
ona
l t
ill
age
sys
tem
s.
So
ur
ce
of
In
fo
rm
at
io
n
13
1:
13
2,
13
7,
86
,
23
7.
23
9.
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Keywords Agriculture, Sediments.
Applicable Land Use
Agriculture
Pollutant Controlled
Sediments
 
Description
The objective of conservation tillage is to loosen the soil, distribute residue on the
surface between the rows to be seeded, to place the seed in a firm bed of moist soil
that will warm quickly to promote germination and establish vigorous seedlings. The
current trend in agriculture is away from sod based crop rotations to a greater
proportion of row crops and it has created serious erosion increases and problems. It
is a matter of great concern. Research verifies the benefits of special agricultural
practices combating these problems. Runoff plots show that rotation with corn, cereals,
and hay can significantly reduce soil and water losses. Yield benefits may also
result from improved soil physical conditions and nutrients supplied. Residues
maintained on or near the soil surface improve water infiltration and reduce soil loss
to less than l/lOth of that on fields without residues. Disk and chisel plows or
heavy duty cultivators effectivelykeep residues near the surface. For large fields
subject to erosion a combination of field stripping and mulch tillage can be effective.
White beans, soybeans and some corn are grown on more level, fine textured soils where
runoff is not serious, nevertheless, surface runoff deposits sediments and nutrients
in drainage ditches to the extent that grass bordering strips are recommended. Fields
planted to corn in rotation with sod or green manure crops and plowed under, suffer less
than a third of the soil loss.
Disadvantages
For a time low tillage was considered a
practical means of saving timeand energy
as well as soil in corn production. The
problem with this is often lower crop
yield. Lower soil temperatures and poorer
tilth, particularly on medium and fine
texture soil, is believed to be responsible
for the yield decline.
Advantages
Chisel plowing is popular and appears to
have benefits in energy saving and reduct-
ion of erosion & maintenance of yields,
particularly if used in conjunction with
moldboardplowing on some soils. Alone,
chisel plowing can reduce yields compared to
moldboard plowing, but not to the extent
experienced with no till practices on the
fine textured poorly drained soils.
   
Cost Implications
— va
ries
from
$3.7
5/he
ctar
e to
$18.
75/h
ecta
re d
epen
dent
on t
illa
ge t
echn
ique
, s
oil
type and crop. ' . _ _
- c
ost
is
a f
unc
tio
n
of
cro
p
los
s
due
to
poo
rer
yie
ld,
les
s
lan
d u
til
iza
tio
n
and
con
seq
uen
t c
han
ge
in
cro
p y
iel
d.
The
dec
rea
sed
yie
lds
are
mor
e s
ign
ifi
can
t o
n
the fine textured soils.
g*‘"
Previous Experience
Applicable technique to the Great Lakes Basin which is increasing in popularity.
  
' ‘7 37,148,154,86,88,274,275,276,_181,182,239,237.
S¢m0e of Information 1
 T
i
ﬂ
e
S
o
d
-
B
a
s
e
d
C
r
o
p
R
o
t
a
t
i
o
n
34
 
K
e
y
w
o
r
d
s
A
g
r
i
c
u
l
t
u
r
e
,
S
e
d
i
m
e
n
t
s
.
A
p
p
l
i
c
a
b
l
e
L
a
n
d
U
s
e
Agriculture
 
P
o
l
l
ut
a
n
t
C
o
n
t
r
o
l
l
e
d
Sediments
Description
Go
od
me
ad
ow
s
lo
se
vi
rt
ua
ll
y
no
so
il
an
d
re
du
ce
er
os
io
n
fr
om
su
cc
ee
di
ng
cr
op
s.
Total
so
il
lo
ss
is
gr
ea
tl
y
re
du
ce
d
bu
t
lo
ss
es
un
eq
ua
ll
y
di
st
ri
bu
te
d
ov
er
th
e
ro
ta
ti
on
cy
cl
e.
Th
is
t
e
c
h
n
i
q
ue
ai
ds
in
co
nt
ro
l
of
so
me
di
se
as
es
an
d
pe
st
s
an
d
pr
ov
id
es
a
gr
ee
n
ma
nu
re
fo
r
in
co
rp
or
at
io
n
in
to
th
e
so
il
ad
di
ng
so
il
co
nd
it
io
ni
ng
be
ne
fi
ts
re
la
te
d
to
th
e
us
e
of the sod rotation.
Advantages
-
re
du
ct
io
n
of
er
os
io
n
-
co
nt
ro
l
of
so
me
di
se
as
es
an
d
pe
st
s
—
mo
re
fe
rt
il
iz
er
pl
ac
em
en
t
op
ti
on
s
Disadvantages
—
le
ss
re
al
iz
ed
in
co
me
fr
om
ha
y
cr
op
year
_
po
ss
ib
le
gr
ea
te
r
po
te
nt
ia
l
tr
an
sp
or
t
of
w
a
t
e
r
s
o
l
u
b
l
e
p
h
o
s
p
h
o
r
u
s
—
so
me
cl
im
at
ic
re
st
ri
ct
io
n
Capital Costs
—
$3
.5
0
to
$4
.0
0
pe
r
he
ct
ar
e
fo
r
re
du
ce
d
sh
or
t
te
rm
yi
el
(p
ro
fi
ts
)
fr
om
so
d
cr
op
in
co
mp
ar
is
on
to
ro
w
cr
op
s
fo
r
th
e
sa
me
field.
-
co
st
of
se
ed
in
g
fi
el
d
to
me
ad
ow
ap
pr
ox
i—
ma
te
ly
$5
00
to
$7
00
/h
ec
ta
re
.
Op
er
at
in
g
an
d
Ma
in
te
na
nc
e
Co
st
s
  
Previous Experience
Com
mon
pra
cti
ce
in
mos
t
are
as
of
Gre
at
Lak
es
Bas
in
par
tic
ula
rly
wit
h
Dai
ry
and
Mix
ed
Farming operations.
profit.
S
o
u
r
c
e
o
f
I
n
f
o
r
m
a
t
i
o
n
13
7,
14
8,
15
4,
34
,
18
1,
18
2,
23
7.
Not
pop
ula
r w
ith
cas
h c
rop
far
mer
s d
ue
to
pot
ent
ial
red
uct
ion
of
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Keywords Agriculture, Sediments.
 
Applicable Land Use Pollutant Controlled
Agriculture Sediments
Description
Winter cover crops are temporary revegetation of the fields with a low cost narrow
row cover crop which is often referred to as green manure when it is ploughed under.
The soil conditioning benefits of the cover crOp are incorporated into the soil to
increase the residue content. The basic philosophy behind the technique is to
maintain a vegetative cover for as extensive a period of time as possible while also
providing secondary benefits as a soil conditioner when incorporated into the soil.
Adv
ant
age
s
Dis
adv
ant
age
s
— provides good base for planting of the - usually no advantage over heavy cover
next crop of chopped stalks or straw I
— r
edu
cti
on
of
ero
sio
n
- u
se
of
win
ter
cov
er
may
red
uce
yie
ld
of
—
so
me
im
pr
ov
em
en
t
of
soi
l
ch
ar
ac
te
ri
st
ic
s
fo
ll
ow
in
g
ca
sh
cr
op
if
sp
ri
ng
ti
ll
ag
e
- m
ay
red
uce
the
lea
chi
ng
of
nit
rat
e
ope
rat
ion
s
are
del
aye
d
due
to
inc
rea
sed
drying time of field caused by mulch
effect of residues left in spring.
Ca
pi
ta
l
Co
st
s
Op
er
at
in
g
an
d
Ma
in
te
na
nc
e
Co
st
s
$3
0/
ha
fo
r
pl
an
ti
ng
an
d
$2
.5
0/
ha
fo
r
in
co
n—
venience (239).
 
Previous Experience
Use
d w
ide
ly
for
its
gre
en
man
ure
ben
efi
t r
ath
er
tha
n f
or
sed
ime
nt
con
tro
l b
ut
acc
ept
anc
e
by
ag
ri
cu
lt
ur
al
co
mm
un
it
y
sh
ou
ld
be
re
la
ti
ve
ly
ea
sy
.
     
   
j
o
u
r
c
e
of
ln
fo
rm
at
io
n
18
1,
18
2,
13
7,
23
9,
23
7-
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ﬂe
Im
pr
ov
ed
So
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Fe
rt
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y
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Keywords Agriculture, Sediments.
  
Ap
pl
ic
ab
le
La
nd
Us
e
Po
ll
ut
an
t
Co
nt
ro
ll
ed
Ag
ri
cu
lt
ur
e
Se
di
me
nt
s
Description
Th
is
te
ch
ni
qu
e
is
a
va
gu
e
ma
na
ge
me
nt
pr
ac
ti
ce
wh
er
ei
n
th
e
ef
fe
ct
iv
en
es
s
of
th
e
ve
ge
ta
ti
ve
co
ve
r
in
th
e
pr
ev
en
ti
on
or
co
nt
ro
l
of
er
os
io
n
is
di
re
ct
ly
re
la
te
d
to
th
e
fe
rt
il
it
y
of
th
e
so
il
i.
e.
in
cr
ea
se
d
fe
rt
il
it
y,
wh
ic
h
in
cl
ud
es
nu
tr
ie
nt
av
ai
la
bi
li
ty
,
mo
is
tu
re
re
te
nt
io
n,
ti
lt
h
et
c.
,
he
lp
s
di
re
ct
ly
to
in
cr
ea
se
ve
ge
ta
ti
ve
vi
go
r
an
d
gr
ow
th
th
us
in
di
re
ct
ly
ca
us
in
g
a
re
du
ct
io
n
in
th
e
av
ai
la
bi
li
ty
of
un
pr
ot
ec
te
d
so
il
pa
rt
ic
le
s
pr
on
e
to
er
os
io
n
an
d
wa
sh
of
f.
Ad
va
nt
ag
es
Di
sa
dv
an
ta
ge
s
-
wi
th
in
re
as
on
ab
le
ec
on
om
ic
co
nd
it
io
ns
-
no
ne
th
is
te
ch
ni
qu
e
ca
n
su
bs
ta
nt
ia
ll
y
in
cr
ea
se
cr
op
yi
el
d
if
a
ca
re
fu
ll
y
ma
na
ge
d
so
il
fe
rt
il
it
y
co
nt
ro
l
pr
og
ra
m
is carried out
 
Cost Implications
Te
ch
ni
qu
e
is
lo
w
co
st
to
im
pl
em
en
t
an
d
sh
ou
ld
re
su
lt
in
sh
or
t
te
rm
,
co
st
ef
fe
ct
iv
e
re
du
ct
io
n
of
er
os
io
n
an
d
in
cr
ea
se
d
pr
od
uc
ti
vi
ty
.
Previous Experience #1
This is the objective of most progressive farmers.
So
ur
ce
of
In
fo
rm
at
io
n
18
2,
13
7,
18
1,
23
7.
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Keywords Agriculture, Sediments.
Applicable Land Use Pollutant Controlied
Agriculture Sediments
 
Description
Research has found that timing of field operations greatly affects the discharge
of sediments given the climatic conditions of the Great Lake areas. Fall plowing
facilitates more timely planting in wet springs, but greatly increases the
winter and early spring erosion hazards by exposing vulnerable soil surfaces to
the spring runoff and spring rainfalls, thus higher sediment yields result. By
leaving the field undisturbed over thewinter period and timing the cultivation
practices after spring runoff a substantial decrease in the sediment contribution
to water courses can be achieved.
Ad
va
nt
ag
es
Di
sa
dv
an
ta
ge
s
- O
pti
mum
tim
ing
can
red
uce
ero
sio
n a
nd
— a
cco
mpl
ish
men
t o
f s
pri
ng
cul
tiv
ati
on
inc
rea
se
yie
ld
and
pla
nti
ng
bec
ome
s e
ven
mor
e
dependent upon weather conditions and
hence a greater risk must be assumed
by the farmer
 
Cost Implications
It
ha
s
be
en
es
ti
ma
te
d
th
at
a
co
st
of
$0
.2
5
pe
r
ha
sh
ou
ld
be
as
si
gn
ed
du
e
to
in
cr
ea
se
d
in
co
nv
en
ie
nc
e.
Co
st
is
di
ff
ic
ul
t
to
qu
an
ti
fy
.
Co
st
of
de
la
ye
d
pl
an
ti
ng
Ca
n
be
se
ve
ra
l
do
ll
ar
s
pe
r
he
ct
ar
e
an
d
ma
y
ev
en
re
su
lt
in
ma
ki
ng
pl
an
ti
ng
im
pr
ac
ti
ca
l
or
re
qu
ir
in
g
a
ch
an
ge
in
cr
op
s.
 
Previous Experience
A
we
ll
do
cu
me
nt
ed
co
nc
ep
t
bu
t
fa
rm
er
s
re
lu
ct
an
t
to
ta
ke
in
cr
ea
se
d
ri
sk
of
sp
ri
ng
planting difficulties.
18
2,
88
,
13
7,
18
1,
21
9,
23
9,
23
7.
 
ﬁource of Information
 
 1
1
ﬂ
e
C
o
n
t
o
u
r
i
n
g
o
r
C
o
n
t
o
u
r
C
u
l
t
i
v
a
t
i
o
n
3
8
 
K
e
y
w
o
r
d
s
A
g
r
i
c
u
l
t
u
r
e
,
S
e
d
i
m
e
n
t
s
.
 
A
p
p
l
i
c
a
b
l
e
L
a
n
d
U
s
e
P
o
l
l
u
t
a
n
t
C
o
n
t
r
o
l
l
e
d
A
g
r
i
c
u
l
t
u
r
e
S
e
d
i
m
e
n
t
s
Description
C
o
n
t
o
u
r
c
u
l
t
i
v
a
t
i
o
n
i
.
e
.
c
o
n
t
o
u
r
p
l
o
u
g
h
i
n
g
p
r
a
c
t
i
c
e
d
o
n
e
p
a
r
a
l
l
e
l
t
o
t
h
e
c
o
n
t
o
u
r
o
f
t
h
e
l
a
n
d
.
R
u
n
o
f
f
w
h
i
c
h
w
o
u
l
d
n
o
r
m
a
l
l
y
f
l
o
w
p
e
r
p
e
n
d
i
c
u
l
a
r
t
o
t
h
e
c
o
n
t
o
u
r
i
s
n
o
w
d
i
v
e
r
t
e
d
l
a
t
e
r
a
l
l
y
t
o
t
a
k
e
m
u
c
h
l
o
n
g
e
r
,
m
i
l
d
e
r
r
o
u
t
e
s
t
o
i
t
s
e
v
e
n
t
u
a
l
o
u
t
l
e
t
t
h
e
r
e
b
y
r
e
d
u
c
i
n
g
e
r
o
s
i
o
n
a
n
d
h
e
n
c
e
r
e
d
u
c
i
n
g
s
o
i
l
l
o
s
s
.
T
h
i
s
t
e
c
h
n
i
q
u
e
c
a
n
r
e
d
u
c
e
a
v
e
r
a
g
e
s
o
i
l
l
o
s
s
b
y
5
0
%
o
n
m
o
d
e
r
a
t
e
s
l
o
p
e
s
b
u
t
l
e
s
s
o
n
s
t
e
e
p
s
l
o
p
e
s
.
T
h
e
r
e
i
s
a
d
a
n
g
e
r
i
f
c
u
l
t
i
v
a
t
i
o
n
r
o
w
s
b
r
e
a
k
o
v
e
r
a
n
d
c
a
u
s
e
a
c
a
s
c
a
d
i
n
g
e
f
f
e
c
t
o
n
l
o
w
e
r
c
o
n
t
o
u
r
r
i
d
g
e
s
.
O
n
a
m
a
c
r
o
s
c
a
l
e
t
h
i
s
c
a
n
b
e
s
u
p
p
o
r
t
e
d
b
y
t
e
r
r
a
c
e
s
o
n
l
o
n
g
s
l
o
p
e
s
i
f
t
h
e
c
l
i
m
a
t
i
c
a
n
d
t
o
p
o
g
r
a
p
h
i
c
l
i
m
i
t
a
t
i
o
n
s
a
l
l
o
w
.
A
m
o
d
i
f
i
c
a
t
i
o
n
t
o
r
e
s
t
r
i
c
t
t
h
e
c
a
s
c
a
d
—
i
n
g
e
f
f
e
c
t
c
a
n
b
e
m
a
d
e
b
y
g
r
a
d
e
d
r
o
w
s
w
h
i
c
h
i
s
a
v
a
r
i
a
t
i
o
n
o
f
c
o
n
t
o
u
r
i
n
g
w
h
e
r
e
i
n
p
e
r
i
o
d
i
c
a
l
l
y
m
u
c
h
h
i
g
h
e
r
r
o
w
s
o
r
r
i
d
g
e
s
a
r
e
c
r
e
a
t
e
d
a
l
o
n
g
t
h
e
c
o
n
t
o
u
r
s
.
T
h
i
s
t
e
c
h
n
i
q
u
e
i
s
o
f
t
e
n
u
s
e
d
i
n
c
o
n
j
u
n
c
t
i
o
n
w
i
t
h
t
e
r
r
a
c
e
s
o
r
d
i
v
e
r
s
i
o
n
s
w
h
e
r
e
e
f
f
e
c
t
i
v
e
s
l
o
p
e
l
e
n
g
t
h
s
are excessive.
Disadvantages
-
A
d
d
i
t
i
o
n
a
l
c
o
n
v
e
r
g
e
n
c
e
o
f
r
o
w
s
c
a
u
s
e
s
s
o
m
e
i
n
c
o
n
v
e
n
i
e
n
c
e
a
n
d
d
e
c
r
e
a
s
e
d
e
f
f
i
c
i
e
n
c
y
d
u
r
i
n
g
p
l
a
n
t
i
n
g
,
t
i
l
l
a
g
e
a
n
d
h
a
r
v
e
s
t
i
n
g
o
p
e
r
a
t
i
o
n
s
,
t
h
e
r
e
f
o
r
e
m
o
r
e
t
i
m
e
a
n
d
c
o
s
t
i
s
r
e
q
u
i
r
e
d
.
Advantages
-
R
e
l
a
t
i
v
e
l
y
s
i
m
p
l
e
m
e
t
h
o
d
t
o
a
l
l
o
w
m
o
r
e
i
n
t
e
n
s
e
c
r
o
p
p
i
n
g
w
i
t
h
o
u
t
a
d
e
c
l
i
n
e
i
n
productivity
 
C
o
s
t
I
m
p
l
i
c
a
t
i
o
n
s
$6
.0
0
pe
r
he
ct
ar
e
fo
r
op
er
at
io
na
l
in
co
nv
en
ie
nc
e
ha
s
be
en
es
ti
ma
te
d
by
on
e
researcher.(239)
.
P
r
e
v
u
o
u
s
E
x
p
e
r
i
e
n
c
e
Ext
ens
ive
uti
liz
ati
on
of
thi
s
tec
hni
que
is
the
Uni
ted
Sta
tes
for
man
y
Yea
rs-
Li
mi
te
d
pr
ev
io
us
ex
pe
ri
en
ce
in
Ca
na
da
.
J
S
o
u
r
c
e
of
ln
fo
rm
at
io
n2
40
,
87
,
13
7,
18
1,
18
2,
20
7,
23
7,
23
9-
     
 J
l
   
 
  
  
11
ﬂe
Gr
as
se
d
Ou
tl
et
s
39
Key
vvo
rds
iAg
ric
ult
ure
,
Urb
an,
Tra
nsp
ort
ati
on,
Lak
esh
ore
G R
ive
rba
nk
Ero
sio
n,
Sed
ime
nts
.
Applicable Land Use Pollutant Controlled
Agr
icu
ltu
re
Lak
esh
ore
G R
ive
rba
nk
sed
ime
nts
Urban Erosion
Transportation
Description
The purpose of grassed outlets is to provide an erosion resistant covering of areas
vulnerable to the high velocity flow exiting from drainage conduits. The
sodding or seeding around the outlet should be done to a sufficient extent
to reduce the exposed areas subject to erosion. Grassed outlets may also be
utilized as side slope drains to facilitate the drainage of graded roads and
terrace channels and downslopes with minimal resultant erosion. Such grassed
outlets involve establishment and maintenance costs and may interfere with the
use of large implements. If grassed outlets are used to control active gullies,
however, it may be more convenient to drive through a smooth grassed channel than
to work around a gully.
Grassed outlets are also useful in reducing erosion of banks around tile outlets and
at junctions of small drainage ways.
Ad
va
nt
ag
es
Di
sa
dv
an
ta
ge
s
— p
rev
ent
ion
of
gul
ly
ero
sio
n
and
— p
oss
ibl
e
con
fli
ct
wit
h
the
use
of
lar
ge
re
su
lt
an
t
so
il
lo
ss
.
im
pl
em
en
ts
- p
ote
nti
al
con
ven
ien
ce
com
par
ed
to
— w
ill
not
sta
nd
pro
lon
ged
flo
w
wor
kin
g
aro
und
a g
ull
y
— m
ust
be
mow
ed
to
mai
nta
in
con
vey
anc
e
efficiency and to control weeds.
 
Cost Implications
So
dd
in
g/
se
ed
in
g
co
st
s
in
th
e
or
de
r
of
$1
.0
0
pe
r
sq
ua
re
me
tr
e.
Lo
ss
of
sm
al
l
ar
ea
s
of
pr
od
uc
ti
ve
la
nd
Re
du
ct
io
n
of
dr
ed
gi
ng
co
st
s
in
dr
ai
na
ge
ch
an
ne
ls
.
Previous Experience
-
d
e
s
i
g
n
a
s
p
e
c
t
s
w
e
l
l
d
o
c
u
m
e
n
t
e
d
-
in
co
mm
on
us
ag
e
in
ma
ny
ar
ea
s
of
er
05
1v
e
50
11
5
 
7,180,181,237,232,92,106.
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Di
re
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Do
si
ng
of
Al
um
to
a
Se
pt
ic
Ta
nk
40
K
e
y
w
o
r
d
s
R
e
c
r
e
a
t
i
o
n
,
U
r
b
a
n
,
A
g
r
i
c
u
l
t
u
r
e
,
N
u
t
r
i
e
n
t
s
 
A
p
p
l
i
c
a
b
l
e
L
a
n
d
U
s
e
P
o
l
l
u
t
a
n
t
C
o
n
t
r
o
l
l
e
d
Re
cr
ea
ti
on
Nu
tr
ie
nt
s
(P
ho
sp
ho
ru
s)
Urban
Agriculture
Description
An
el
ec
tr
ic
al
ly
op
er
at
ed
do
si
ng
de
vi
ce
is
us
ed
su
ch
th
at
wi
th
ea
ch
fl
us
hi
ng
of
th
e
to
il
et
,
a
pr
ed
et
er
mi
ne
d
po
rt
io
n
of
al
um
so
lu
ti
on
is
in
je
ct
ed
in
to
th
e
in
le
t
of
th
e
se
pt
ic
ta
nk
.
Mi
xi
ng
of
th
e
al
um
an
d
se
pt
ic
ta
nk
in
fl
ue
nt
ta
ke
s
pl
ac
e
in
th
e
se
we
r.
At
a
ra
te
of
A1
:P
=
2,
th
e
co
nc
en
tr
at
io
n
of
th
e
to
ta
l
ph
os
ph
or
us
in
th
e
se
pt
ic
ta
nk
ef
fl
ue
nt
dr
op
pe
df
ro
m
19
.6
to
0.
72
mg
/l
as
P0
4
ie
.
a
96
%
re
mo
va
l
of
Ph
os
ph
or
us
(T
es
t
Re
su
lt
s)
.
Di
ss
ol
ve
d
ph
os
ph
or
us
le
ve
ls
dr
op
pe
d
to
0.
13
mg
/l
.
Sl
ig
ht
in
cr
ea
se
s
in
Su
l—
p
h
a
t
e
s
we
r
e
o
b
s
e
r
ve
d
bu
t
no
a
d
ve
r
s
e
e
f
f
e
c
t
on
th
e
c
o
n
c
r
e
t
e
s
e
p
t
i
c
t
a
n
k
or
on
th
e
so
il
of
th
e
le
ac
hi
ng
be
d
wa
s
ob
se
rv
ed
.
Ph
os
ph
or
us
pr
ec
ip
it
at
es
,
sl
ud
ge
s,
et
c.
in
cr
ea
se
d
sl
ud
ge
ac
cu
mu
la
ti
on
ra
te
s
fr
om
62
l/
pe
rs
on
/y
ea
r
to
14
6
l/
pe
rs
on
/y
ea
r
A
d
v
a
n
t
a
g
e
s
D
i
s
a
d
v
a
n
t
a
g
e
s
—
si
mp
li
ci
ty
of
sy
st
em
-
mo
re
fr
eq
ue
nt
re
mo
va
l
of
sl
ud
ge
—
re
la
ti
ve
lo
w
co
st
ac
cu
mu
la
ti
on
s
re
qu
ir
ed
—
us
ef
ul
in
ar
ea
s
wh
er
e
pr
op
er
so
il
ma
nt
le
—
re
qu
ir
es
ma
in
te
na
nc
e
by
ho
me
ow
ne
r.
or
op
ti
mu
m
se
pa
ra
ti
on
to
wa
te
rt
ab
le
is
no
t
av
ai
la
bl
e
an
d
wh
er
e
ph
os
ph
or
us
wi
ll
be readily carried to a water body
C
a
p
i
t
a
l
C
o
s
t
s
O
p
e
r
a
t
i
n
g
a
n
d
M
a
i
n
t
e
n
a
n
c
e
C
o
s
t
s
The
cos
t
of
ins
tal
lin
g
the
alu
m
dos
ing
The
req
uir
ed
amo
unt
of
dry
alu
m
is
avg
.
sys
tem
15
est
ima
ted
at
abo
ut
$12
0
per
20.
33
kg/
per
/ye
ar
at
a p
ric
e
of
$0.
22/
dwe
lli
ng.
kg
of
dry
alu
m
the
ann
ual
cos
t
of
alu
m
is about $4.47/person/year.
  
P
r
e
v
i
o
u
s
E
x
p
e
r
i
e
n
c
e
U
s
e
of
a
l
um
fo
r
p
h
o
s
p
h
o
r
u
s
r
e
m
o
va
l
f
r
o
m
l
a
g
o
o
n
e
f
f
l
ue
n
t
s
is
we
l
l
e
s
t
a
b
l
i
s
h
e
d
in
On
ta
ri
o
an
d
th
e
Un
it
ed
St
at
es
.
On
ta
ri
o
Mi
ni
st
ry
of
th
e
En
vi
ro
nm
en
t
ha
s
do
ne
ex
te
ns
iv
e
re
se
ar
ch
o
n
a
l
u
m
u
s
e
in
p
r
i
v
a
t
e
s
y
s
t
e
m
s
.
(2
11
)
#_)
S
o
u
r
c
e
of
I
n
f
o
r
m
a
t
i
o
n
11
2
,
14
0,
21
1.
J
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Ke
yw
or
ds
Urb
an,
Agr
icu
ltu
re,
Sed
ime
nts
,
Nut
rie
nts
.
 
Applicable Land Use Pollutant Controlled
Urban Sediments
Agriculture Nutrients
Description
A device for the partial removal of suspended solids in storm water runoffor combined
sewer overflow. The swirl concentrator converts a linear flow motion into a rotary
motion and through its configuration the solids settle to the bottom for alternate
discharge or further treatment. The treated effluent is discharged over a weir on the
top of the tank. To avoid pumping of the foul underflow it is recommended that the
regulator be fitted between the hydraulic gradients of the inlet sewer and the
interceptor receiving the foul flow. The device is useful as an overflow regulator
for combined sewers to maximize the quality of the overflow discharge. Full scale
testing has shown that at flow rates from 10 to 220 litres/second, suspended solids and
BOD , removals based on concentrations were in the order of 18% to 55% and 29% to 79%
respectively. Removal of Suspended Solids on a mass basis ranged from 43% to 65%.
 
Advantages Disadvantages
- requires significant available hydraulic
— e
ffe
cti
ve
in
rem
ovi
ng
set
tle
abl
e
and
gra
die
nt
floatable solids and BOD — subject to clogging of outlet pumps or
— cost effective for removal of first 20% gravity outlet by coarse objects such as
to
80%
of
so
li
ds
in
st
or
m
wa
te
r/
co
mb
in
ed
bo
tt
le
s,
ra
gs
,
br
ic
ks
,
sewer overflows — require normal hosing of chamber walls
- v
ery
sim
ple
,
non
mec
han
ica
l
dev
ice
and
and
flo
or
aft
er
eac
h o
ver
flo
w
pumping is not required — dry weather flow may not be great enough
to carry accumulated solids to the floor
and through the foul sewer outlet
Ca
pi
ta
l
Co
st
s
Es
ti
ma
te
d
Co
st
Pe
r
Op
er
at
in
g
an
d
Ma
in
te
na
nc
e
Co
st
s
Flo
w
Cap
aci
ty
Tot
al
Cos
ts
l/S
ec
— g
ite
rat
ure
su
gg
es
ts
t
& M
cos
ts
at
abo
ut
0.55 er cu.m. er 3. ca acity per year
2238 lisec $ 131,883 $ 1:3 - maintgiance c056: includepallowance for
4000 1;::: 14a’000 35 clogging, chamber cleaning, servicing of
’ pumps and removal of solids dep051ted in
Ca
pi
ta
l
Co
st
s
ar
e
a
fu
nc
ti
on
of
flo
w,
fou
l
wa
te
r
re
ce
iv
in
g
co
nd
ui
ts
ava
ila
ble
hyd
rau
lic
gra
die
nt,
acc
ess
ibi
lit
y
- m
ain
ten
anc
e
gen
era
lly
inc
rea
sed
wit
h
G
pr
ox
im
it
y
to
fo
ul
wa
te
r
an
d
ef
fl
ue
nt
lo
ng
er
be
tw
ee
n
st
or
m
pe
ri
od
s
receivers.
 
Previous Experience
-
de
ta
il
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de
si
gn
me
th
od
ol
og
y
ha
s
be
en
pu
bl
is
he
d
fo
r
th
e
Sw
ir
l
Co
nc
en
tr
at
or
-
fi
el
d
te
st
ed
3.
75
m.
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Sy
ra
cu
se
Ne
w
Yo
rk
-
o
t
h
e
r
s
c
o
n
s
t
r
u
c
t
e
d
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T
o
r
o
n
t
o
a
n
d
e
l
s
e
w
h
e
r
e
So
ur
ce
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fo
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at
io
n
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,
18
5,
18
6,
18
8,
48
,
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4,
13
5,
13
8,
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4,
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0,
24
8,
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9.
  
     
1
1
ﬂ
e
R
e
t
e
n
t
i
o
n
B
a
s
i
n
s
f
o
r
t
h
e
T
r
e
a
t
m
e
n
t
o
f
W
e
t
-
W
e
a
t
h
e
r
S
e
w
a
g
e
F
l
o
w
s
4
2
K
e
y
w
o
r
d
s
U
r
b
a
n
,
S
e
d
i
m
e
n
t
s
,
N
u
t
r
i
e
n
t
s
.
A
p
p
l
i
c
a
b
l
e
L
a
n
d
U
s
e
P
o
l
l
u
t
a
n
t
C
o
n
t
r
o
l
l
e
d
U
r
b
a
n
-
(
C
o
m
b
i
n
e
d
S
e
w
e
r
O
v
e
r
f
l
o
w
s
)
S
e
d
i
m
e
n
t
s
Nutrients
Description
T
h
e
b
a
s
i
c
f
u
n
c
t
i
o
n
of
a
r
e
t
e
n
t
i
o
n
b
a
s
i
n
is
to
r
e
t
a
i
n
ex
ce
ss
w
e
t
—
w
e
a
t
h
e
r
fl
ow
s
th
at
wo
ul
d
ot
he
rw
is
e
be
di
sc
ha
rg
ed
un
tr
ea
te
d
a
a
se
wa
ge
tr
ea
tm
en
t
pl
an
t.
Th
e
vo
lu
me
of
is
so
gr
ea
t
th
at
a
re
te
nt
io
n
ba
si
n
is
0r
d
eliminate overflow.
Co
nc
re
te
re
te
nt
io
n
ba
si
ns
wi
th
de
te
nt
io
n
a
c
c
o
m
p
l
i
s
h
e
d
s
u
s
p
e
n
d
e
d
s
o
l
i
d
s
r
e
m
o
v
a
l
o
f
Re
te
nt
io
n
ba
si
ns
ar
e
al
so
co
ns
tr
uc
te
d
as
wi
th
di
si
nf
ec
ti
on
of
th
e
ou
tf
lo
w.
A
co
nc
sc
re
en
an
d
de
si
gn
ed
so
th
at
th
e
ro
of
be
am
in
or
de
r
to
fu
nc
ti
on
as
a
sk
im
me
r.
th
e
pa
rt
ic
ul
at
e
tr
as
h
an
d
de
br
is
in
th
e
s
The screen an
n
d
to
r
e
t
u
r
n
t
h
e
m
,
f
o
l
l
o
w
i
n
g
a
s
t
o
r
m
,
t
o
c
o
m
b
i
n
e
d
s
e
w
a
g
e
p
r
o
d
u
c
e
d
b
y
l
a
r
g
e
s
t
o
r
m
s
i
n
a
r
i
l
y
s
i
z
e
d
t
o
r
e
d
u
c
e
r
a
t
h
e
r
t
h
a
n
ti
me
s
of
o
n
e
—h
a
l
f
to
t
h
r
e
e
h
o
ur
s
a
n
e
s
t
i
m
a
t
e
d
3
0
t
o
7
0
p
e
r
c
e
n
t
.
op
en
ea
rt
he
n
po
nd
s
an
d
of
te
n
ar
e
co
mb
in
ed
re
te
re
te
nt
io
n
ba
si
n
is
fi
tt
ed
wi
th
a
co
ar
se
5
wo
ul
d
be
su
bm
er
ge
d
wh
en
th
e
ta
nk
wa
s
fu
ll
d
S
k
i
m
m
e
r
s
w
e
r
e
u
s
e
f
u
l
in
r
e
t
a
i
n
i
n
g
urface runoff.
Advantages
Depending upon hydrology and desired
ef
fl
ue
nt
st
an
da
rd
s,
a
de
te
nt
io
n
ba
si
n
in
co
nj
un
ct
io
n
wi
th
a
co
mb
in
ed
se
we
r
sy
st
em
ca
n
yi
el
d
sm
al
le
r
po
ll
ut
an
t
lo
ad
di
si
ch
ar
ge
s
th
an
wi
th
se
pa
ra
te
se
we
r
sy
st
em
s.
Disadvantages
—
no
t
n
e
c
e
s
s
a
r
i
l
y
co
st
e
f
f
e
c
t
i
ve
—
hi
gh
ly
de
pe
nd
en
t
up
on
lo
ca
l
hy
dr
ol
og
y
an
d
ef
fl
ue
nt
re
qu
ir
em
en
ts
.
Capital Costs
Costs for covered concrete tanks and
as
so
ci
at
ed
lo
ca
l
pi
pi
ng
ar
e
ap
pr
ox
im
at
el
y
$
5
0
/
c
u.
m
.
/
d
ca
pa
ci
ty
.
A
d
d
i
t
i
o
n
a
l
co
st
s
O
p
e
r
a
t
i
n
g
a
n
d
M
a
i
n
t
e
n
a
n
c
e
C
o
s
t
s
re
mo
va
l
of
de
br
is
an
d
la
rg
e
so
li
ds
fr
om
screens and basin floor
ad
di
ti
on
al
tr
ea
tm
en
t
pl
an
t
op
er
at
in
g
 
mus
t
inc
lud
e
ove
rsi
zin
g
of
sew
age
tre
atm
ent
cos
ts
plant if required.
A
Prevuous Experience
Cit
y o
f H
ali
fax
,
Nov
a S
cot
ia
has
two
ret
ent
ion
bas
ins
in
ope
rat
ion
.
We
ll
an
d,
Bo
ro
ug
h
of
Yo
rk
(T
or
on
to
).
”
S
o
u
r
c
e
of
I
n
f
o
r
m
a
t
i
o
n
18
8,
48
,
10
4,
13
5,
 
V
1
3
8
,
1
8
5
,
2
0
7
,
2
1
0
,
2
4
6
,
2
4
8
.
 
 11ﬂe Stationary Screens
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Keywords Urban Runoff, Sediments, Nutrients.
Applicable Land Use
Urban Runoff
 
Pollutant Controlled
Sediments
Nutrients
Description
The stationary screen is designed on the basis of flow rates and removal performance
required. The screen assembly and configuration requires about 2 to 2.5 metres of
hydraulic head loss, however, recent lower head models are available which require
only 1 to 1.25 metres of hydraulic head loss. Collection flumes for sludge and
screened effluent are required. The sludge is of sufficient concentration that it
will not flow and it must be sluiced to return it to the sewer.
Advantages
— energy efficient technique
Disadvantages
- equal hydraulic distribution to multiple
units is problematical
- pumping may be required
Capital Costs
Including housing, flow equalization
channels, etc. construction costs are
approximately $ZSO/1/sec.
 
Operating and Maintenance Costs
No moving parts or energy consumption,
therefore, operating and maintenance costs
are low. Only occasional cleanouts requir—
ed.
Previous Experience
from many suppliers.
Design methodology and criteria well developed. Equipment is readily available
 
go
ur
ce
of
in
fo
rm
at
io
n
18
6,
53
,
11
1,
48
,
10
4,
13
5,
13
8,
24
8,
24
9.
  
 1
1
ﬂ
e
H
o
r
i
z
o
n
t
a
l
S
h
a
f
t
R
o
t
a
r
y
S
c
r
e
e
n
4
4
 
K
e
y
w
o
r
d
s
U
r
b
a
n
,
S
e
d
i
m
e
n
t
s
,
N
u
t
r
i
e
n
t
s
.
A
p
p
l
i
c
a
b
l
e
L
a
n
d
U
s
e
P
o
l
l
u
t
a
n
t
C
o
n
t
r
o
l
l
e
d
U
r
b
a
n
S
e
d
i
m
e
n
t
s
Nutrients
 
Description
T
h
e
s
c
r
e
e
n
i
s
i
n
s
t
a
l
l
e
d
i
n
a
c
h
a
m
b
e
r
d
e
s
i
g
n
e
d
t
o
p
e
r
m
i
t
e
n
t
r
y
o
f
t
h
e
w
a
s
t
e
w
a
t
e
r
t
o
t
h
e
i
n
t
e
r
i
o
r
o
f
t
h
e
d
r
u
m
a
n
d
c
o
l
l
e
c
t
i
o
n
o
f
f
i
l
t
e
r
e
d
(
o
r
s
c
r
e
e
n
e
d
)
w
a
s
t
e
w
a
t
e
r
f
r
o
m
t
h
e
e
x
t
e
r
i
o
r
s
i
d
e
o
f
t
h
e
d
r
u
m
.
I
n
l
e
t
a
n
d
o
u
t
l
e
t
p
i
p
i
n
g
i
s
t
y
p
i
c
a
l
l
y
a
r
r
a
n
g
e
d
i
n
a
f
a
s
h
i
o
n
s
i
m
i
l
a
r
t
o
g
r
a
n
u
l
a
r
m
e
d
i
a
f
i
l
t
e
r
s
.
D
i
f
f
e
r
e
n
t
a
p
e
r
t
u
r
e
f
a
b
r
i
c
s
p
r
o
v
i
d
e
f
o
r
r
e
m
o
v
a
l
o
f
l
a
r
g
e
s
o
l
i
d
s
t
o
s
m
a
l
l
s
o
l
i
d
s
a
s
d
e
s
i
r
e
d
.
T
h
i
s
p
e
r
m
i
t
s
u
s
e
o
f
s
c
r
e
e
n
s
f
o
r
p
u
r
p
o
s
e
s
r
a
n
g
i
n
g
f
r
o
m
p
r
e
t
r
e
a
t
m
e
n
t
t
o
f
i
n
a
l
t
r
e
a
t
m
e
n
t
.
A
p
p
u
r
t
e
n
a
n
c
e
s
i
n
c
l
u
d
e
u
l
t
r
a
v
i
o
l
e
t
s
l
i
m
e
g
r
o
w
t
h
c
o
n
t
r
o
l
,
b
a
c
k
w
a
s
h
s
p
r
a
y
s
,
a
n
d
b
a
c
k
w
a
s
h
s
t
o
r
a
g
e
a
n
d
p
u
m
p
i
n
g
facilities.
A
d
v
a
n
t
a
g
e
s
D
i
s
a
d
v
a
n
t
a
g
e
s
-
r
e
q
u
i
r
e
s
l
e
s
s
p
h
y
s
i
c
a
l
a
r
e
a
t
h
a
n
c
o
n
—
-
l
e
s
s
e
n
e
r
g
y
e
f
f
i
c
i
e
n
t
t
h
a
n
c
o
n
v
e
n
t
i
o
n
a
l
v
e
n
t
i
o
n
a
l
c
l
a
r
i
f
i
e
r
s
c
l
a
r
i
f
i
e
r
s
—
u
s
e
f
u
l
t
o
o
l
t
o
p
r
e
t
r
e
a
t
e
f
f
l
u
e
n
t
p
r
i
o
r
t
o
~
p
e
r
i
o
d
i
c
m
a
i
n
t
e
n
a
n
c
e
r
e
q
u
i
r
e
d
a
p
a
r
t
i
c
u
l
a
r
t
r
e
a
t
m
e
n
t
p
r
o
c
e
s
s
—
r
e
d
u
c
t
i
o
n
i
n
t
r
e
a
t
m
e
n
t
c
h
e
m
i
c
a
l
s
r
e
q
u
i
r
e
d
.
C
a
p
i
t
a
l
C
o
s
t
s
O
p
e
r
a
t
i
n
g
a
n
d
M
a
i
n
t
e
n
a
n
c
e
C
o
s
t
s
A
p
p
r
o
x
i
m
a
t
e
l
y
$
1
7
0
—
$
1
8
0
/
l
/
s
e
c
.
(1
86
)
—
E
s
t
i
m
a
t
e
d
to
b
e
i
n
t
h
e
o
r
d
e
r
o
f
$0.01/1000 1.
  
Previous Experience
Sy
ra
cu
se
,
Ne
w
Yo
rk
ha
s
9—
23
ML
D
ra
te
di
ns
ta
ll
at
io
ns
.
Se
ve
ra
l
co
mm
er
ci
al
ly
av
ai
la
bl
e
models exist.
S
o
u
r
c
e
o
f
I
n
f
o
r
m
a
t
i
o
n
1
8
6
,
4
8
,
1
0
4
,
1
3
5
,
1
3
8
,
2
3
7
,
2
4
9
.
  
  
Tiﬂe Vertical Shaft Rotary Fine Screen 45
 
Keywords Urban Runoff, Sediments, Nutrients.
 
Applicable Land Use Pollutant Controlled
Urban Runoff Sediments
Nutrients
Description
A tightly woven wire mesh fabric fitted around a drum is used to strain the waste
water flow. The drum of the rotary fine screen rotates about a vertical axis at high
speeds (0.5 to 1.0 cycle/s) and the influent is introduced into the centre of the
rotating drum.
- largest unit available (1975) was 130 l/sec. capacity
- includes hot and cold water sprays and detergent cleaners to clean screen
— removal efficiencies range from 60 to 90 percent for settleable solids, 30 to 32
percent for suspended solids and 16 to 25% for COD.
 
Advantages Disadvantages
— less physical area required than for con— — uses special backwash solution
ventional clarifiers — low flow rates, high costs
— r
edu
cti
on
in
pro
ces
s c
hem
ica
ls
req
uir
ed
if
— s
ome
lim
ita
tio
ns
wit
h
hig
hly
var
iab
le
used as pretreatment device. flows
— relatively highspace requirements
Cap
ita
l C
os
ts
Ope
rat
ing
an
d
Ma
in
te
na
nc
e
Co
st
s
$ 180/l/sec. (186) Estimate for Seattle installation
$0.01/1000 1.
 
Previous Experience
For
t W
ayn
e,I
ndi
ana
160
0 l
/se
c.
ins
tal
lat
ion
Sea
ttl
e,
Was
hin
gto
n
110
0 l
/se
c.
ins
tal
lat
ion
Po
rt
la
nd
,
Or
eg
on
125
l/s
ec.
in
st
al
la
ti
on
 
Source of Information 186: 135’ 48’ 135’ 138’ 237’ 249'
_ 
 Title Treatment Lagoons
 
46
Keywords Urban ,
A
g
r
i
c
u
l
t
u
r
e
,
R
e
c
r
e
a
t
i
o
n
,
S
e
d
i
m
e
n
t
s
,
N
u
t
r
i
e
n
t
s
.
A
p
p
l
i
c
a
b
l
e
L
a
n
d
U
s
e
 
P
o
l
l
u
t
a
n
t
C
o
n
t
r
o
l
l
e
d
 
U
r
b
a
n
S
e
d
i
m
e
n
t
s
A
g
r
i
c
u
l
t
u
r
e
N
u
t
r
i
e
n
t
s
Recreation
Description
T
h
r
e
e
b
a
s
i
c
s
y
s
t
e
m
s
o
f
l
a
g
o
o
n
s
e
x
i
s
t
:
u
p
o
n
t
h
e
t
y
p
e
o
f
b
i
o
l
o
g
i
c
a
l
a
c
t
i
v
i
t
y
s
i
z
e
s
o
f
t
r
e
a
t
m
e
n
t
l
a
g
o
o
n
s
d
e
m
o
n
s
t
r
a
t
i
o
n
p
r
o
j
e
c
t
s
s
p
o
n
s
o
r
e
d
b
y
E
P
A
.
e
q
u
a
l
i
z
a
t
i
o
n
b
a
s
i
n
s
,
a
s
s
e
t
t
l
i
n
g
b
a
s
i
n
s
,
systems.
2
0
t
o
6
5
%
f
o
r
p
h
o
s
p
h
o
r
u
s
a
n
d
n
i
t
r
o
g
e
n
.
ent.
L
i
v
e
s
t
o
c
k
m
a
n
u
r
e
s
a
r
e
c
o
m
m
o
n
l
y
t
r
e
a
t
e
d
i
n
t
h
i
s
m
a
n
n
e
r
w
h
e
n
d
i
r
e
c
t
f
i
e
l
d
a
p
p
l
i
c
a
t
i
o
n
i
s
R
e
m
o
v
a
l
e
f
f
i
c
i
e
n
c
i
e
s
r
a
n
g
e
f
r
o
m
2
7
The main
Several types and
n
o
t
p
o
s
s
i
b
l
e
a
n
d
s
t
o
r
a
g
e
-
t
r
e
a
t
m
e
n
t
is
n
e
c
e
s
s
a
r
y
.
an
ae
or
bi
c,
ae
ro
bi
c,
an
d
f
a
c
ul
t
a
t
i
ve
d
e
p
e
n
d
i
n
g
th
at
ta
ke
s
p
l
a
c
e
wi
th
in
.
h
a
v
e
b
e
e
n
u
s
e
d
i
n
c
o
m
b
i
n
e
d
s
e
w
e
r
o
v
e
r
f
l
o
w
t
r
e
a
t
m
e
n
t
In
mo
st
ca
se
s
t
h
e
s
e
t
r
e
a
t
m
e
n
t
la
go
on
s
o
f
f
e
r
m
u
l
t
i
p
l
e
u
s
e
s
a
n
d
b
e
n
e
f
i
t
s
a
s
d
r
y
w
e
a
t
h
e
r
p
l
a
n
t
e
f
f
l
u
e
n
t
p
o
l
i
s
h
i
n
g
p
o
n
d
s
,
a
s
i
n
f
l
o
w
an
d
as
pa
rt
of
th
e
u
r
b
a
n
op
en
s
p
a
c
e
/
r
e
c
r
e
a
t
i
o
n
to
90
%
fo
r
BO
D5
,
20
to
90
%
fo
r
SS
an
d
f
a
c
t
o
r
a
f
f
e
c
t
i
n
g
re
mo
va
l
e
f
f
i
c
i
e
n
c
i
e
s
f
o
r
a
l
l
t
y
p
e
s
o
f
l
a
g
o
o
n
s
is
c
a
r
r
y
o
v
e
r
o
f
a
l
g
a
e
a
n
d
o
t
h
e
r
m
i
c
r
o
o
r
g
a
n
i
s
m
s
i
n
t
h
e
e
f
f
l
u
—
Advantages
- multi use capability
— simple to operate
Disadvantages
-
la
rg
e
la
nd
a
r
e
a
r
e
q
u
i
r
e
d
— mosquito problem
- odours
Capital Costs
$2
00
to
$7
00
pe
r
l/
se
c
de
pe
nd
in
g
up
on
ty
pe
,
ie
.
a
e
r
o
b
i
c
or
a
n
a
e
r
o
b
i
c
,
e
x
c
l
u
d
i
n
g
l
a
n
d
costs.
 
Op
er
at
in
g
a
n
d
Ma
in
te
na
nc
e
C
o
s
t
s
$2
.5
0
to
$3
.5
0/
10
00
cu
.
m.
‘4-n
 
Previous Experience
Se
ve
ra
l
EP
A
de
mo
ns
tr
at
io
n
pr
oj
ec
ts
.
bi
ne
d
se
we
r
ov
er
fl
ow
s
is
no
t
ye
t
es
ta
bl
is
he
d.
Source of Information
135, 48, 104, 248, 233, 237, 92-
Ac
ce
pt
ed
de
si
gn
cr
it
er
ia
fo
r
st
or
m
wa
te
r
or
co
m—
#1
..
i
  
11ﬂe
Rotating Biological Contactors
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[(eyvvords Urban, Agriculture, Recreation, Nutrients, Sediments.
  
Applicable Land Use Pollutant Controlled
Urban Nutrients
Agriculture Sediments
Recreation
Description
The R.B.C. is similar to a cross between a trickling filter and activated sludge
system.
It consists of a horizontal shaft supporting a set of rotating discs upon
which a biomass is grown, and a shallow contact tank that houses theshaft disc
assemblies. The rotating discs are partially submerged and baffles are used between
each Shaft—disc unit to prevent short circuiting. The removal of organic matter from
the waste flow is accomplished by adsorption of the organic matter at the surface of
the biological growth covering the rotating discs. The reported BOD removal
efficiencies range from 60 to 90%, Settleable Solids at 80 to 90%, Nifrogen and
Phosphorus at 40 to 50%, 708 or better COD removal rates maintained up to 8 to 10 times
dry weather flow. Linear reduction of COD removal efficienty from 70% down to 20% for
a flow range of 10 to 30 times dry weather flow.
Advantages Disadvantages
— relatively low power requirements — requires base flow to keep biomass
— fair degree of flow variation can be active
handled - little control of biological process
— shock loads are handled effectively — design aspects not well advanced
— no fly andodour problems
 
Capi
tal
Cost
s ,
Oper
atin
g an
d Ma
inte
nanc
e C
osts
$800/
l/sec
at a
455
l/sec
insta
llati
on in
$0.04
cu. m
_ for
total
treat
ment
plant
Mil
wau
kee
,
Wis
con
sin
.
Tot
al
cos
t
inc
lud
ing
inc
lud
ing
R_B
.C.
(13
5).
classifiers sludge digestion, sedimentation
ta
nk
s,
et
c.
bu
t
ex
cl
ud
in
g
la
nd
co
st
s
(1
35
)
 
Previous Experience
- M
ilw
auk
ee
Wis
con
sin
dem
ons
tra
tio
n p
roj
ect
(45
5 l
/se
c)
135, 248, 237.
Source of Information
 
 Title T
r
i
c
k
l
i
n
g
F
i
l
t
e
r
s
 
K
e
y
v
v
o
r
d
s
U
r
b
a
n
,
A
g
r
i
c
u
l
t
u
r
e
,
R
c
c
r
e
a
t
i
o
n
,
N
u
t
r
i
e
n
t
s
,
S
e
d
i
m
e
n
t
s
.
 
A
p
p
l
i
c
a
b
l
e
L
a
n
d
U
s
e
P
o
l
|
u
t
a
n
t
C
o
n
t
r
o
l
l
e
d
U
r
b
a
n
N
u
t
r
i
e
n
t
s
A
g
r
i
c
u
l
t
u
r
e
S
e
d
i
m
e
n
t
s
Recreation
D
e
s
c
r
i
p
t
i
o
n
T
r
i
c
k
l
i
n
g
f
i
l
t
e
r
s
a
r
e
w
i
d
T
h
e
f
i
l
t
e
r
i
s
u
s
u
a
l
l
y
a
5
s
t
o
n
e
,
d
r
a
i
n
r
o
c
k
o
r
s
i
m
i
l
a
r
m
e
d
i
a
.
I
n
f
l
u
e
n
b
y
m
e
a
n
s
o
f
a
r
o
t
a
t
i
n
g
d
i
s
t
r
i
b
u
t
o
r
.
R
e
m
o
v
a
l
a
d
s
o
r
p
t
i
o
n
p
r
o
c
e
s
s
o
c
c
u
r
r
i
n
g
a
t
t
h
e
s
u
r
f
a
c
e
0
m
e
d
i
a
.
T
h
e
y
a
r
e
c
l
a
s
s
i
f
i
e
d
b
y
h
y
d
r
a
u
l
i
c
o
r
a
n
d
u
l
t
r
a
-
h
i
g
h
r
a
t
e
.
R
e
m
o
v
a
l
s
d
u
r
i
n
g
d
r
y
w
e
t
o
9
5
%
f
o
r
b
o
t
h
B
O
D
5
a
n
d
S
S
,
r
e
m
o
v
a
l
e
f
f
i
c
i
e
n
c
i
e
s
d
r
o
p
p
e
d
w
h
e
n
t
h
4
3
2
c
u
.
m
.
/
s
q
.
m
.
/
s
e
c
f
o
r
p
l
a
s
t
i
c
m
e
d
i
a
a
n
for rock media.
e
l
y
e
m
p
l
o
y
e
d
f
o
r
t
h
e
b
i
o
h
a
l
l
o
w
c
i
r
c
u
l
a
r
t
a
n
k
o
f
l
a
r
g
e
a
n
d
6
5
t
o
9
0
%
d
u
r
i
n
g
w
e
t
.
w
e
a
t
h
e
r
e
h
y
d
r
a
u
l
i
c
l
o
a
d
i
n
g
e
x
c
e
e
d
0
.
4
8
c
u
.
m
.
/
h
r
/
s
q
.
m
.
,
1
3
2
c
u
.
m
.
/
s
q
.
m
.
/
s
e
c
l
o
g
i
c
a
l
t
r
e
a
t
m
e
n
t
o
f
m
u
n
i
c
i
p
a
l
s
e
w
a
g
e
.
d
i
a
m
e
t
e
r
f
i
l
l
e
d
w
i
t
h
c
r
u
s
h
e
d
t
i
s
d
i
s
t
r
i
b
u
t
e
d
e
v
e
n
l
y
o
v
e
r
t
h
e
s
u
r
f
a
c
e
o
f
o
r
g
a
n
i
c
m
a
t
t
e
r
i
s
t
h
e
r
e
s
u
l
t
o
f
a
n
f
b
i
o
l
o
g
i
c
a
l
s
l
i
m
e
s
c
o
v
e
r
i
n
g
t
h
e
f
i
l
t
e
r
o
r
g
a
n
i
c
l
o
a
d
i
n
g
i
n
t
o
l
o
w
r
a
t
e
,
h
i
g
h
r
a
t
e
a
t
h
e
r
f
l
o
w
s
h
a
v
e
b
e
e
n
r
e
p
o
r
t
e
d
t
o
b
e
8
5
, It is reported that
d
e
d
1
.
5
6
c
u
.
m
.
/
h
r
/
s
q
.
m
.
Advantages
h
a
n
d
l
e
v
a
r
y
i
n
g
h
y
d
r
a
u
l
i
c
a
n
d
o
r
g
a
n
i
c
l
o
a
d
s
s
i
m
p
l
e
t
o
o
p
e
r
a
t
e
c
a
n
w
i
t
h
s
t
a
n
d
s
h
o
c
k
l
o
a
d
s
c
a
n
r
e
c
o
v
e
r
r
a
p
i
d
l
y
f
r
o
m
h
i
g
h
f
l
o
w
s
D
i
s
a
d
v
a
n
t
a
g
e
s
-
r
e
q
u
i
r
e
c
o
n
t
i
n
u
o
u
s
b
a
s
e
f
l
o
w
t
o
k
e
e
p
t
h
e
b iomas S 1 active
-
p
r
o
b
l
e
m
s
m
a
y
b
e
e
n
c
o
u
n
t
e
r
e
d
w
h
e
n
t
r
e
a
t
i
n
g
m
o
r
e
d
i
l
u
t
e
c
o
m
b
i
n
e
d
s
e
w
e
r
o
v
e
r
f
l
o
w
o
r
s
t
o
r
m
s
e
w
e
r
d
i
s
c
h
a
r
g
e
—
n
o
s
i
g
n
i
f
i
c
a
n
t
r
e
d
u
c
t
i
o
n
o
f
t
o
t
a
l
n
i
t
r
o
g
e
n
o
r
p
h
o
s
p
h
o
r
u
s
Capital Costs
A
p
p
r
o
x
i
m
a
t
e
l
y
$
1
9
,
0
0
0
/
l
/
s
e
c
w
h
i
c
h
i
n
c
l
u
d
e
s
c
o
s
t
o
f
p
l
a
s
t
i
c
f
i
l
t
e
r
m
e
d
i
a
,
f
i
n
a
l
c
l
a
r
i
f
i
e
r
,
p
i
p
i
n
g
,
e
l
e
c
t
r
i
c
a
l
w
o
r
k
,
c
h
e
m
i
c
a
l
f
e
e
d
,
s
i
t
e
w
o
r
k
b
u
t
e
x
c
l
u
d
i
n
g
l
a
n
d
c
o
s
t
s
f
o
r
a
2
6
0
l
/
s
e
c
i
n
s
t
a
l
l
a
t
i
o
n
(
1
3
5
)
O
p
e
r
a
t
i
n
g
a
n
d
M
a
i
n
t
e
n
a
n
c
e
C
o
s
t
s
$
.
0
2
t
o
$
.
O
S
/
c
u
.
m
.
 
P
r
e
v
i
o
u
s
E
x
p
e
r
i
e
n
c
e
M
a
n
y
i
n
o
p
e
r
a
t
i
o
n
#1
_/
 
S
o
u
r
c
e
o
f
I
n
f
o
r
m
a
t
i
o
n
1
3
3
:
1
3
5
,
1
3
8
,
2
4
8
,
2
3
7
.
‘1
 Title
Contact Stabilization
49
 
Keywords Urban, Recreation, Nutrients, Sediments,
Applicable Land Use
 
Pollutant Controlled
l
 
 
20 minutes at the design flow.
Urban Nutrients
Recreation Sediments
Description
Contact stabilization is considered in lieu of other activated sludge process modifi—
cations for treating combined sewer overflows, because it requires less tank volume
to provide essentially the same effluent quality.
mixed with returned activated sludge in an aerated contact basin for approximately
Following the contact period, the activated sludge is
settled in a clarifier and the concentrated sludge then receives additional treatment.
The combined sewer overflow is
BODS and SS removals on combined sewer overflow achieved 83 and 92 percent respectively.
Advantages
- high degree of treatment
- reduction of the loadings on dry-weather
facilities, by dual use of facilities
during normal operations and emergency
shutdown of the main plant
Disadvantages
— high initial cost
— the facilities must be located next to
a dry weatheractivated sludge plant
— adequate interceptor capacity must
exist to convey the storm flow to the
treatment plant
Capital Costs
$19,000/l/sec. for 1000 l/sec. plant
 
Operating and Maintenance Costs
$.02/1000 l for a 1000 l/sec. plant
Previous Experience
Kenosha, Wisconsin - 900 l/Sec InStallation
1
0
4
,
2
4
8
,
2
3
7
.
LSource of Information 135,
  
 11ﬂe Air Flotation
50 i
 
K
e
y
w
o
r
d
s
U
r
b
a
n
R
u
n
o
f
f
,
S
e
d
i
m
e
n
t
s
,
N
u
t
r
i
e
n
t
s
.
Applicable Land Use
Urban Runoff
 
Pollutant Controlled
Sediments
Nutrients
Description
Di
ss
ol
ve
d
ai
r
fl
ot
at
io
n
is
a
un
it
op
er
at
io
n
d
r
o
p
l
e
t
s
fr
om
a
li
qu
id
ph
as
e.
bu
bb
le
s
in
to
th
e
li
qu
id
.
us
ed
to
se
pa
ra
te
so
li
d
pa
rt
ic
le
s
or
li
qu
id
Se
pa
ra
ti
on
is
br
ou
gh
t
ab
ou
t
by
in
tr
od
uc
in
g
fi
ne
ai
r
Th
e
bu
bb
le
s
at
ta
ch
to
th
e
so
li
d
pa
rt
ic
le
s
or
li
qu
id
dr
Op
le
ts
,
th
e
bu
oy
an
t
fo
rc
e
of
th
e
co
mb
in
ed
pa
rt
ic
le
an
d
ai
r
dr
op
le
t
is
gr
ea
t
en
ou
gh
to
ca
us
e
the particle to rise.
by skimming.
di
ss
ol
ve
d
ai
r
fl
ot
at
io
n
th
an
fo
r
co
nv
en
ti
on
al
se
tt
li
ng
.
removal (both about 50%).
On
ce
th
e
pa
rt
ic
le
s
ha
ve
fl
oa
te
d
to
th
e
su
rf
ac
e
th
ey
ar
e
re
mo
ve
d
Hi
gh
er
ov
er
fl
ow
ra
te
s
an
d
sh
or
te
r
de
te
nt
io
n
ti
me
s
ar
e
ac
hi
ev
ed
fo
r
Moderately good BOD and SS
Advantages
Th
is
pr
oc
es
s
ha
s
a
de
fi
ni
te
ad
va
nt
ag
e
ov
er
gr
av
it
y
se
di
me
nt
at
io
n
wh
en
us
ed
on
co
mb
in
ed
ov
er
fl
ow
s
or
st
or
m
dr
ai
na
ge
in
th
at
pa
rt
i—
cl
es
wi
th
de
ns
it
ie
s
bo
th
hi
gh
er
an
d
lo
we
r
th
an
th
e
li
qu
id
ca
n
be
re
mo
ve
d
in
on
e
op
er
at
io
n.
It
al
so
ai
ds
in
th
e
re
mo
va
l
of
oi
l
an
d
gr
ea
se
wh
ic
h
ar
e
no
t
as
re
ad
il
y
removed during sedimentation.
Disadvantages
—
di
ss
ol
ve
d
ma
te
ri
al
is
no
t
re
mo
ve
d
wi
th
ou
t
the use of chemical addition
—
op
er
at
in
g
co
st
s
ar
e
re
la
ti
ve
ly
hi
gh
co
mp
ar
ed
to
ot
he
r
ph
ys
ic
al
pr
oc
es
se
s
— greater operator skill required
-
pr
ov
is
io
ns
mu
st
be
ma
de
to
pr
ev
en
t
wi
nd
an
d
ra
in
fr
om
di
st
ur
bi
ng
th
e
fl
oa
t.
Capital Costs
Fo
r
pl
an
ts
be
tw
ee
n
.2
cu.
m.
/s
ec
.
to
45
cu.
m/
se
c.
ca
pi
ta
l
co
st
eg
n
is
Ca
=
4,
20
0
(Q
a)
0'
84
wh
er
e
Ca
-
ca
pi
ta
l
co
st
Qa plant capacity in_l_
sec.
 
Op
er
at
in
g
an
d
Ma
in
te
na
nc
e
Co
st
s
Fo
r
pl
an
ts
be
tw
ee
n
0.
2
cu.
m.
/s
ec
.
an
d
45 cu. m./sec.
Op
er
at
in
g
an
d
ma
in
te
na
nc
e
co
st
s
ra
ng
e
$ .01 to $ .04 per cubic metre.
 
Previous Experience
Wel
l
adv
anc
ed
met
hod
olo
gy
and
des
ign
exp
eri
enc
e m
any
ins
tal
lat
ion
s,
Rac
ine
,
Wis
con
sin
.
So
ur
ce
of
In
fo
rm
at
io
n
13
5,
31
,
48
,
10
4,
18
6,
21
0,
24
8,
24
9,
23
7.
rr
rr
——
——
——
——
——
——
——
——
——
——
——
——
——
——
——
——
——
——
——
——
__
__
__
__
_;
__
__
__
::
-l
lh
ll
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Keywords Urban, Recreation, Nutrients, Sediments.
Applicable Land Use
Urban
Recreation
 
Pollutant Controlled
Nutrients
Sediments
Description
When a high quality effluent is required, such as may be expected in storm water
reclamation and reuse, physical-chemical treatment systems may become both
feasible and desirable.
Physical—chemical systems are those means of treatment in
which the removal of pollutants is brought about primarily by chemical clarification
in conjunction with physical processes.
The process string generally includes
preliminary treatment, chemical clarification, filtration, carbon adsorption, and
disinfection.
During the last 12 years, research has advanced physical-chemical
treatment technology to the point where it is becoming competative in cost with
biological treatment, especially for situations where significant phosphorus
removal is required.
to 100%, Phosphorus 90 — 99%,
Removal efficiencies; BOD
Nitrogen 45 — 98%.
5 — 90 — 97%; TOC — 74 — 94%; SS — 85
Advantages
— very high quality effluence achieved
— can reduce loading on dry weather
plant
Disadvantages
— very highcapital costs
Capital Costs
$5
0.
00
to
$1
75
.0
0
pe
r
cu
.
m.
/d
of
pl
an
t
ca
pa
ci
ty
fo
r
fl
ow
s
ra
ng
in
g
fr
om
40
,0
00
to
400,000
Operating and Maintenance Costs
$0.01 to $0.06/cu. m. - 40 million litres/
day plant
$0.01 to $0.05/cu- m- - 100 million litres
day plant
$0.01 to $0.03/cu- m- _ 400 million litres
day plant
Previous Experience
- technology well developed
— S
out
h
Lak
e
Tah
oe,
Cal
ifo
rni
a
- 3
0 m
ill
ion
lit
res
/da
y
ins
tal
lat
ion
- A
lba
ny,
New
Yor
k
— 0
.1
mil
lio
n
lit
re/
day
pil
ot
ins
tal
lat
ion
(st
orm
wat
er)
S
o
u
r
c
e
o
f
I
n
f
o
r
m
a
t
i
o
n
5
3
,
4
8
,
8
3
,
1
0
4
,
1
3
5
,
1
3
8
,
1
8
7
,
2
4
8
,
2
3
7
.
   
  
l
i
ﬂ
e
R
e
v
e
r
s
e
O
s
m
o
s
i
s
o
f
M
i
n
e
T
a
i
l
i
n
g
s
E
f
f
l
u
e
n
t
5
2
 
K
e
y
w
o
r
d
s
E
x
t
r
a
c
t
i
v
e
,
C
h
e
m
i
c
a
l
s
.
 
A
p
p
l
i
c
a
b
l
e
L
a
n
d
U
s
e
P
o
l
l
u
t
a
n
t
C
o
n
t
r
o
l
l
e
d
Ex
tr
ac
ti
ve
Ch
em
ic
al
s
Description
C
o
n
t
a
m
i
n
a
t
e
d
w
a
t
e
r
i
s
f
o
r
c
e
d
u
n
d
e
r
h
i
g
h
p
r
e
s
s
u
r
e
t
h
r
o
u
g
h
c
e
l
l
u
l
o
s
e
a
c
e
t
a
t
e
m
e
m
b
r
a
n
e
s
.
W
a
t
e
r
m
o
l
e
c
u
l
e
s
p
a
s
s
t
h
r
o
u
g
h
w
h
i
l
e
m
o
s
t
d
i
S
S
O
I
V
e
d
c
h
e
m
i
c
a
l
m
o
l
e
c
u
l
e
s
a
r
e
r
e
t
a
i
n
e
d
a
n
d
c
o
n
c
e
n
t
r
a
t
e
d
.
R
e
s
u
l
t
a
n
t
f
l
u
i
d
y
i
e
l
d
s
a
r
e
v
a
r
i
a
b
l
e
a
c
c
o
r
d
i
n
g
t
o
t
h
e
d
e
s
i
g
n
o
f
a
p
p
a
r
a
t
u
s
,
r
e
q
u
i
r
e
d
p
a
s
s
a
g
e
r
a
t
e
s
a
n
d
d
e
g
r
e
e
o
f
m
e
m
b
r
a
n
e
f
o
u
l
i
n
g
a
l
l
o
w
a
b
l
e
.
I
r
o
n
,
m
a
n
g
a
n
e
s
e
a
n
d
p
H
a
r
e
o
n
l
y
p
a
r
t
i
a
l
l
y
c
o
n
t
r
o
l
l
e
d
.
F
i
l
t
r
a
t
i
o
n
m
a
y
b
e
r
e
q
u
i
r
e
d
t
o
r
e
m
o
v
e
s
u
s
p
e
n
d
e
d
s
o
l
i
d
s
p
r
i
o
r
t
o
r
e
v
e
r
s
e
o
s
m
o
s
i
s
.
A
d
v
a
n
t
a
g
e
s
D
i
s
a
d
v
a
n
t
a
g
e
s
—
ve
ry
hi
gh
qu
al
it
y
ef
fl
ue
nt
—
fo
ul
in
g
of
me
mb
ra
ne
s
is
a
pr
ob
le
m
th
at
-
re
mo
ve
s
mo
st
di
ss
ol
ve
d
so
li
ds
is
be
in
g
in
ve
st
ig
at
ed
—
po
ss
ib
il
it
y
of
re
co
ve
ry
of
va
lu
ab
le
—
hi
gh
vo
lu
me
of
co
nc
en
tr
at
ed
wa
st
e
to
mi
ne
ra
ls
di
sp
os
e
of
—
s
o
p
h
i
s
t
i
c
a
t
e
d
o
p
e
r
a
t
i
o
n
 
Cost Implications
No
co
st
da
ta
wa
s
gi
ve
n
in
th
e
li
te
ra
tu
re
on
th
is
te
ch
ni
qu
e
si
nc
e
it
is
pr
im
ar
il
y
in
th
e
de
ve
lo
pm
en
ta
l
st
ag
e.
Pr
oc
es
s
is
ve
ry
ex
pe
ns
iv
e
be
ca
us
e
of
so
ph
is
ti
ca
te
d
eq
ui
pm
en
t
re
qu
ir
ed
an
d
hi
gh
op
er
at
in
g
co
st
s.
Previous Experience
St
il
l
in
ex
pe
ri
me
nt
al
/d
ev
el
op
me
nt
al
st
ag
e
fo
r
th
is
ap
pl
ic
at
io
n.
Te
ch
no
lo
gy
of
re
ve
rs
e
os
mo
si
s
is
we
ll
de
ve
lo
pe
d
an
d
do
cu
me
nt
ed
.
  
.
S
o
u
r
c
e
of
In
fo
rm
at
io
n
32
,7
14
2,
14
5.
4
 11ue
Chemical Adsorption onto Clays in Experimental Environment
53
  
l(eyvvords
Agriculture,
Forestry,
Pesticides.
 
Applicable Land Use
Pollutant Controlled
Agriculture
Pesticides
Forestry
Description
Research studies have been done on the adsorption of organochloride insecticides onto
natural
clays.
Attention is focused to the point that adsorption of these materials
onto
clays
does
not
necessarily follow
in
exchange
capacity.
Desorption was
also
mentioned
and
found
to
be
a
prominent
factor
in
remobilization
of
insecticides
particularly when more demanding exchange elements are present.
Temperature did not
significantly vary the results.
Depending on concentration,
type of pesticide, type
of clay adsorbant and the turbidity, up to 98% of the amount dissolved can be held on
the clays.
Thesis values of cone of clay — bentonite.
1, 5, 10 gm/l remove 44, 48,
DDT
from
water
respectively
initially
containing
100
ugm/l.
Same
amount
of
bentonite removed 14, 23 and 30% respectively of HEOD
(dieldrin) from water of the
same concentration.
Although organochloride insecticides are no longer widely used,
this principle of
adsorption of chemicals onto clays finds usage with other chemicals and is probably
one of the mechanisms inherent in vegetative buffer strips around fields which increases
pollutant removal efficiencies.
Advantages Disadvantages
- A natural phenomenon which is inherently — Desorption and remobilization is a
present when runoff filters through soils,
real PTOblem and desorption concentrat—
or when sediments are contained. ion 0f 3 ugm/l and 1 ugm/l for Clay
concentrations of 1.0 and 10.0 gm/l
respectively
— still in research stage
Cost Implications
No costs available at this time.
Application appears treatment plant oriented due to potential aggravation of
turbidity problems in natural watercourses.
Previous Experience
Research study results are available but no actual installations revealed by literature
research. Method gives insight into natural phenomenon of attenuation/purification by
soils.
    
Source of Information 95, 99, 101-
  
Ti
ﬂe
Su
rf
ac
e
Wa
te
r
Di
ve
rs
io
n
S4
 
Ke
yv
vo
rd
s
Ex
tr
ac
ti
ve
,
So
li
d
Wa
st
e
Di
sp
os
al
,
Ag
ri
cu
lt
ur
e,
Se
di
me
nt
s,
Nu
tr
ie
nt
s,
Ch
em
ic
al
s.
 
Ap
pl
ic
ab
le
La
nd
Us
e
Po
ll
ut
an
t
Co
nt
ro
ll
ed
Ex
tr
ac
ti
ve
Fo
re
st
Se
di
me
nt
s
So
li
d
Wa
st
e
Di
sp
os
al
Nu
tr
ie
nt
s
Ag
ri
cu
lt
ur
e
Ch
em
ic
al
s
Description
Wa
te
r
di
ve
rs
io
n
in
vo
lv
es
co
ll
ec
ti
on
of
wa
te
r
be
fo
re
it
en
te
rs
th
e
wo
rk
in
g
ar
ea
an
d
th
en
co
nv
ey
in
g
it
ar
ou
nd
th
e
si
te
.
Th
is
pr
oc
ed
ur
e
de
cr
ea
se
s
er
os
io
n,
re
du
ce
s
po
ll
ut
io
n
an
d
re
du
ce
s
wa
te
r
tr
ea
tm
en
t
co
st
s
by
re
du
ci
ng
th
e
vo
lu
me
of
wa
te
r
th
at
ne
ed
s
to
be
treated.
Di
tc
he
s,
fl
um
es
,
pi
pe
s,
ea
ve
s
tr
ou
gh
do
wn
sp
ou
ts
,
tr
en
ch
dr
ai
ns
an
d
dy
ke
s,
ar
e
al
l
co
mm
on
ly
us
ed
fo
r
wa
te
r
di
ve
rs
io
n.
S
e
e
a
l
s
o
1
4
,
2
1
,
2
2
,
9
4
.
 
Adv
ant
age
s
. Di
sad
van
tag
es
- p
rev
ent
ion
of
sus
pen
sio
n o
r d
iss
olu
tio
n
— p
ote
nti
al
ero
sio
n a
sso
cia
ted
wit
h
of
pol
lut
ant
s
div
ers
ion
— t
ec
hn
iq
ue
ap
pl
ic
ab
le
to
mo
st
lo
ca
ti
on
s
- r
ed
uc
ti
on
of
wa
te
r
vo
lu
me
fo
r
tr
ea
tm
en
t
if
required.
Capi
tal
Cost
s
Oper
atin
g an
d Ma
inte
nanc
e C
ost
s
Cos
t a
fun
cti
on
of
met
hod
of
con
duc
tin
g
— m
ini
mal
wat
er.
Mus
t i
ncl
ude
ero
sio
n c
ont
rol
- d
epe
nde
nt
upo
n a
ccu
mul
ati
on
rat
e o
f o
r
meas
ures
.
the
re‘
ir o
f sc
oure
d ar
eas
in t
he
diver51on.
 
Previous Experience
This technique is widely applicable and is used commonly to control the direction of
surface runoff.
 
Source of Information
  
 . .1”
Title
Reducing Ground or Mine Water Influx
55
 
Keywords
Extraction, Solid Waste Disposal, Nutrients, Chemicals.
Applicable Land Use
Extraction
Solid Waste Disposal
Pollutant Controlled
Nutrients
Chemicals
 
Description
mine work area.
An impermeable liner can be placed against the high wall of a surface mine to prevent
the influx of groundwater.
auger holes that require sealing, or a surface mine has broken into an underground
Underground mine openings encountered during
strippingare often
sealed with clay or concrete block walls.
parallel with dewatering techniques to avoid the buildup hydrostatic pressure.
This application is seldom used except where there are
Impermeable barriers are often used in
Advantages
— prevention of the dissolution of minerals
from workings or landfills.
have some attenuative effects as well as
being relatively impermeable.
Disadvantages
— have not had wide usage to date and
documentation to judge effectiveness is
very limited
Clay liners
Cost Implications
Site preparation will
Because of high variability of technique application only unit prices are given.
ranges from $2.30 to $7.80 per cubic metre including installation depending upon
source and haul distance.
metre depending on area, labour, materials, farming requirements, and haul distance.
Clay
Concrete in place costs approximately $100 to $200 per cubic
include additional costs depending upon present site conditions.
Previous Experience
but no examples were
This technique is known to be practical in some United States mining operations,
cited in the literature.
Source of Information
 
142, 145.
  JL.____i
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ﬂe
Un
de
rd
ra
in
s
fo
r
Mi
ne
ra
l
St
oc
kp
il
es
or
Ta
il
in
gs
56
 
Ke
yw
or
ds
Ex
tr
ac
t i
ve
, N
ut
ri
en
t s
, C
he
mi
ca
l 5
.
Ap
pl
ic
ab
le
La
nd
Us
e
Po
ll
ut
an
t
Co
nt
ro
ll
ed
Ext
rac
tiv
e
Nut
rie
nts
Chemicals
 
Description
Un
de
rd
ra
in
s
of
ro
ck
or
pe
rf
or
at
ed
pi
pe
ca
n
be
pl
ac
ed
be
lo
w
th
e
po
ll
ut
io
n
fo
rm
in
g
ma
te
ri
al
to
qu
ic
kl
y
di
sc
ha
rg
e
in
fi
lt
ra
ti
ng
wa
te
r.
Th
es
e
de
vi
ce
s
sh
or
te
n
th
e
fl
ow
pa
th
an
d
re
si
de
nc
e
ti
me
of
th
e
wa
te
r
in
th
e
wa
st
e
ma
te
ri
al
.
Un
de
rd
ra
in
s
ar
e
de
—
si
gn
ed
to
pr
ov
id
e
zo
ne
s
of
hi
gh
pe
rm
ea
bi
li
ty
to
co
ll
ec
t
an
d
tr
an
sp
or
t
wa
te
r
fr
om
the
bot
tom
of
the
spo
il
pil
es.
A
com
mon
met
hod
of
con
str
uct
ion
is
to
use
tre
nch
es
fi
ll
ed
wi
th
ro
ck
co
mm
on
ly
ca
ll
ed
Fr
en
ch
Dr
ai
ns
.
Sh
ou
ld
ef
fl
ue
nt
an
d
wa
te
r
fr
om
'
th
es
e
dr
ai
ns
re
qu
ir
e
tr
ea
tm
en
t,
th
e
un
de
rd
ra
in
in
g
pr
ov
id
es
a
co
nv
en
ie
nt
me
th
od
of
co
ll
ec
ti
On
,
fa
ci
li
ta
ti
ng
co
nv
ey
an
ce
to
a
tr
ea
tm
en
t
fa
ci
li
ty
.
Ad
va
nt
ag
es
Di
sa
dv
an
ta
ge
s
— r
eas
ona
bly
eco
nom
ic
mea
ns
of
con
tai
nin
g
— d
iff
icu
lt
to
imp
lem
ent
for
exi
sti
ng
dee
p
possible contaminated seepage from new spoil piles
ins
tal
lat
ion
s
.
.
_
_
- m
oni
tor
ing
of
qua
lit
y o
f t
he
eff
lue
nt
‘ O
fte
n u
sed
1n
con
jun
ctl
on
Wlt
h m
lne
ral
sho
uld
be
a r
equ
ire
men
t
re
co
ve
ry
pr
oc
es
si
ng
of
re
su
lt
an
t
le
ac
ha
te
.
 
Cost Implications
Cost
s ar
e ex
trem
ely
vari
able
and
shou
ld b
e de
velo
ped
for
the
part
icul
ar u
sage
fact
ors
such as depth, type of pipe material required for the particular loading and chemical
condi
tion.
Estim
ate
of co
st r
ange
for t
his
type
of dr
ainag
e is
appro
ximat
ely
$5.00
to
$33.00 per lineal metre depending upon the type and size of pipe used.
Previous Experience
Design methodology and criteria are well documented. Mining operations in Northern
Ontario are using this technique.
 
So
ur
ce
of
In
fo
rm
at
io
n
14
5,
14
2.
  
#
_
_
_
_
_
J
_
—   
11ﬂe Evaporation Ponds ' 57
Keywords Extractive, Nutrients, Chemicals .
Applicable Land Use Pollutant Controlled
Extractive Nutrients
Chemicals
Description
Large holding/evaporation ponds may be used to prevent discharge of mine wastes.
Mine discharges can be collected and conveyed to a large holding pond or series
of holding ponds. This system is designed to provide that all influent water is
lost to the atmosphere through evaporation and no discharge occurs. The bottom
of the pond should be lined where impoundment materials are permeable. Clay
liners may be particularly useful because of their ability to adsorb pollutant
forming materials such as the arsenic compounds. The system must be designed
with capacity for flow retention during periods of high rainfall and low evapor-
ation rates. Settled solids will have to be remOVed from the pond periodically
in order to maintain proper capacity.
Advantages Disadvantages
— on site retention of pollutants — highly dependent upon local hydrologic
conditions
— solids remain to be disposed elsewhere
Capi
tal
Cos
ts
Oper
atin
g an
d Ma
inte
nanc
e C
osts
The cost of pond dikes range from $0.45 to Minor except for occasional clean—out of
$0.85 per cubic metre. Lining costs de— accumulated sediments.
pend upon materialsused, availability and
area coverage. Clay liners cost $2.30 to
$7.80 per cubic metre including material
and installation. Indigenous soils, availv
ablity and haul distance of lining
mate
rial
s,
size
and
site
prep
arat
ion
1
required affect costs. \
 
Previ
ous E
xper
ienc
e
‘
Onl
y
app
lic
abl
e
in
mid
-we
ste
rn
sta
tes
whe
re
cli
mat
e
is
sui
tab
le
or
whe
re
an
ext
ern
al
1
heat source is available.
 
Source of Information 145: 190-
 
 Title
St
re
et
Cl
ea
ni
ng
58
 
K
e
y
v
v
o
r
d
s
U
r
b
a
n
,
T
r
a
n
s
p
o
r
t
a
t
i
o
n
,
S
e
d
i
m
e
n
t
s
,
C
h
e
m
i
c
a
l
s
,
N
u
t
r
i
e
n
t
s
.
  
Ap
pl
ic
ab
le
La
nd
Us
e
Po
ll
ut
an
t
Co
nt
ro
ll
ed
U
r
b
a
n
S
e
d
i
m
e
n
t
s
T
r
a
n
s
p
o
r
t
a
t
i
o
n
C
h
e
m
i
c
a
l
s
Nutrients
Description
St
re
et
su
rf
ac
e
co
nt
am
in
an
ts
,
wh
ic
h
re
pr
es
en
t
a
ma
jo
r
po
rt
io
n
of
ur
ba
n
la
nd
co
nt
am
in
an
ts
,
ca
n
be
pa
rt
ia
ll
y
re
mo
ve
d
by
st
re
et
sw
ee
pi
ng
op
er
at
io
ns
pr
io
r
to
be
in
g
ex
po
se
d
to
ru
no
ff
.
M
un
i
c
i
p
a
l
st
re
et
c
l
e
a
n
i
n
g
p
r
a
c
t
i
c
e
s
m
a
y
be
i
m
p
r
o
ve
d
b
y
i
n
c
r
e
a
s
i
n
g
th
e
f
r
e
q
ue
n
c
y
of
st
re
et
sw
ee
pi
ng
an
d/
or
in
cr
ea
si
ng
th
e
re
mo
va
l
ef
fi
ci
en
cy
of
th
e
eq
ui
pm
en
t
us
ed
.
Mo
to
ri
ze
d
st
re
et
sw
ee
pe
rs
ar
e
de
si
gn
ed
to
lo
os
en
di
rt
an
d
de
br
is
fr
om
st
re
et
su
rf
ac
es
,
tr
an
sp
or
t
it
on
to
a
mo
vi
ng
co
nv
ey
or
an
d
de
po
si
t
it
te
mp
or
ar
il
y
in
to
a
st
or
ag
e
ho
pp
er
.
Th
re
e
ma
jo
r
ty
pe
s
of
ex
is
ti
ng
st
re
et
sw
ee
pe
rs
in
cl
ud
e
th
e
br
oo
m-
ty
pe
sw
ee
pe
r,
th
e
va
cu
um
-t
yp
e
sw
ee
pe
r,
an
d
a
th
ir
d
ty
pe
of
sw
ee
pe
r
wh
ic
h
us
es
a
re
ge
ne
ra
ti
ve
ai
r
sy
st
em
to
"b
la
st
"
di
rt
an
d
de
br
is
fr
om
th
e
ro
ad
su
rf
ac
e
in
to
a
ho
pp
er
.
Sw
ee
pe
rs
ar
e
mo
st
ef
fi
ci
en
t
in
th
e
re
mo
va
l
of
la
rg
e
si
ze
pa
rt
ic
le
s
wi
th
ov
er
al
l
av
er
ag
e
ef
fi
ci
en
cy
at
ab
ou
t
50
%.
Va
cu
um
ty
pe
sw
ee
pe
rs
ha
ve
hi
gh
es
t
ef
fi
ci
en
cy
on
dr
y
st
re
et
s
wi
th
br
oo
m—
ty
pe
sw
ee
pe
rs
pr
on
e
to
di
ff
ic
ul
ty
in
re
mo
vi
ng
sm
al
l
pa
rt
ic
le
si
ze
s.
St
re
et
su
rf
ac
e
co
nt
am
in
an
t
ac
cu
mu
la
ti
on
is
a
fu
nc
ti
on
of
st
re
et
sw
ee
pi
ng
fr
eq
ue
nc
y,
st
re
et
sw
ee
pi
ng
re
mo
va
l
ef
fe
ct
-
iv
en
es
s,
an
d
an
te
ce
da
nt
ra
in
fa
ll
ev
en
ts
.
Th
e
re
mo
va
l
ef
fe
ct
iv
en
es
s
ca
n
be
im
pr
ov
ed
by
sw
ee
pi
ng
an
ar
ea
mo
re
th
an
on
ce
bu
t
re
pe
at
ed
sw
ee
pi
ng
pa
ss
es
ov
er
th
e
sa
me
ar
ea
is
es
se
nt
ia
ll
y
mu
tu
al
ly
ex
cl
us
iv
e
fr
om
sw
ee
pi
ng
fr
eq
ue
nc
y
un
le
ss
mo
re
ve
hi
cl
es
ar
e
ac
qu
ir
ed
fo
r
th
e
sa
me
ar
ea
.
Ad
va
nt
ag
es
Di
sa
dv
an
ta
ge
s
—
re
du
ce
d
lo
ad
in
gs
of
wa
te
rc
ou
rs
es
du
e
to
—
ca
n
be
ob
st
ru
ct
io
n
to
tr
af
fi
c
du
ri
ng
fl
us
hi
ng
ef
fe
ct
of
ra
in
fa
ll
on
ur
ba
n
bu
sy
pe
ri
od
.
st
re
et
s
-
re
gu
la
r
pr
og
ra
m
re
qu
ir
ed
—
so
ur
ce
co
ll
ec
ti
on
an
d
tr
ea
tm
en
t
of
co
n—
—
di
ff
ic
ul
ti
es
du
ri
ng
wi
nt
er
mo
nt
hs
in
ta
mi
na
nt
s
is
us
ua
ll
y
on
ly
me
th
od
us
ed
to
Gr
ea
t
La
ke
s
Ba
si
n
co
nt
ro
l
po
ll
ut
io
n
of
re
ce
iv
in
g
wa
te
r—
-
pa
rk
ed
ve
hi
cl
es
pr
es
en
t
a
pr
ob
le
m
co
ur
se
s
fr
om
st
re
et
ru
no
ff
.
—
as
so
ci
at
ed
be
ne
fi
t
of
im
pr
ov
ed
pu
bl
ic
he
al
th
an
d
ae
st
he
ti
cs
of
cl
ea
n
st
re
et
s.
Ca
pi
ta
l C
os
ts
Op
er
at
in
g
an
d
Ma
in
te
na
nc
e
Co
st
s
St
re
et
sw
ee
pe
r
co
st
s
va
ry
wi
de
ly
de
pe
nd
in
g
A
ro
ug
h
es
ti
ma
te
of
to
ta
l
co
st
fo
r
a
gi
ve
n
up
on
th
e
in
di
vi
du
al
mo
de
l.
Th
e
fo
ll
ow
in
g
st
re
et
sw
ee
pi
ng
pr
og
ra
m
wo
ul
d
be
in
th
e
ca
pi
ta
l
co
st
s
ar
e
re
pr
es
en
ta
ti
ve
of
th
e
or
de
r
of
$8
to
$1
2
pe
r
cu
rb
ki
lo
me
te
r
ra
ng
e:
cl
ea
ne
d
pe
r
ye
ar
.
3-whee1 - $23,000 to 28,000
4—wheel - $35,000 to 38,000
Vacuum - $35,000 to 45,000
  
Previous Experience
Com
mon
pra
cti
ces
in
mos
t
urb
an
are
a.
Man
y
typ
es
of
veh
icl
es
wid
ely
ava
ila
ble
fro
m
many suppliers.
Sou
rce
of
Inf
orm
ati
on
138
,
185
, 2
48,
237
, 1
46,
92.
 
 11ﬂe
Interception of Aquifers
59
 
Keyvvords
Extractive, Solid Waste Disposal, Nutrients, Chemicals.
 
Applicable Land Use Pollutant Controlled
Extractive
Nutrients
Solid
Waste Disposal
Chemicals
Description
This technique involves the use of bore holes, casing and pumps to transfer water
from one point to another in order to reduce groundwater flow into a mine or land-
fill. A complete hydrological site evaluation of the area to determine the aquifer
characteristics in water flow system is required prior to installation . The
groundwater flow system is intercepted prior to movement of water through the site
in question and water is prevented from contacting the pollutant forming material.
The uncontaminated water is then discharged down gradient from the mine or land~
fill. The use of these systems is highly technical therefore groundwater geologists
should be consulted to perform site evaluation to determine the feasibility to design
the system.
This technique is also referred to as "purge wells" or "counter pumping" when used
for the control of leachate migration from solid waste disposal sites.
Advantages Disadvantages
— prevention of the contamination of ground- — relatively costly
water, reduction in the volume of water — will work under favourable conditions
to be treated if required only
- system designed to be variable depending
on local hydrogeological factors
 
Cost Implications
Costs can only be developed on an individual application basis. Costs will be a
function of geologic strata, casing size, number of wells, hydraulic characteristics
of the aquifers, volume of flow to be pumped, energy costs, chemistry of the ground—
water which in turn may lead to corrosion of well streams, periodic replacement and/
or maintenance of well stream or pumping system may be required.
Previous Experience
This technique is used commonly for dewatering of excavations and foundations and to
a limited extent for the control of landfill leachate migration.
Source of Information 145.
   
 6O
 
11
ﬂe
Ne
ut
ra
li
za
ti
on
of
Mi
ne
Ac
id
Wa
st
e
Keyvvords Extractive, Chemicals;
Ap
pl
ic
ab
le
La
nd
Us
e
Po
ll
ut
an
t
Co
nt
ro
ll
ed
Extractive Chemicals
  
Description
Wh
en
mi
ne
dr
ai
na
ge
is
ac
id
th
e
ac
id
it
y
ca
n
be
ne
ut
ra
li
ze
d
by
th
e
ad
di
ti
on
of
an
ak
al
in
e
ma
te
ri
al
.
By
pr
op
er
ly
se
le
ct
in
g
th
e
al
ka
li
ne
ag
en
t,
ma
ny
me
ta
ls
(c
at
io
ns
)
ca
n
be
re
mo
ve
d
du
ri
ng
ne
ut
ra
li
za
ti
on
as
in
so
lu
bl
e
hy
dr
ox
id
e.
An
io
ns
su
ch
as
ph
os
ph
at
es
,
fl
or
id
es
,
an
d
su
lp
ha
te
s
ca
n
al
so
be
re
mo
ve
d
by
ca
lc
iu
m
al
ka
li
es
us
in
g
th
is
in
so
lu
bi
li
ty
pr
in
ci
pa
l.
Se
ve
ra
l
al
ka
li
ne
ma
te
ri
al
s
ar
e
av
ai
la
bl
e
fo
r
ne
ut
ra
li
za
ti
on
,
in
cl
ud
in
g
lim
e,
hy
dr
at
ed
lim
e,
li
me
st
on
e,
ca
us
ti
c
sod
a,
so
da
ash
,
ma
gn
es
iu
m
ca
rb
on
at
e
an
d
am
mo
ni
um
hy
dr
ox
id
e.
Th
e
se
le
ct
io
n
of
th
e
ne
ut
ra
li
zi
ng
ag
en
t
is
hi
gh
ly
de
pe
nd
en
t
up
on
th
e
mi
ne
ra
ls
or
io
ns
to
be
pr
ec
ip
it
at
ed
.
Ad
va
nt
ag
es
Di
sa
dv
an
ta
ge
s
— e
ffe
cti
ve
- r
equ
ire
s c
oll
ect
ion
of
was
te
str
eam
s,
— r
eli
abl
e
col
lec
tio
n a
nd
rem
ova
l
of
pre
cip
ita
te
 
Cost Implications
Costs
per
metri
c ton
of ba
sicit
y ra
nge
from
$10.0
0 pe
r ton
ne to
$67.0
0 per
tonne
of
basi
city
. T
he b
asic
ity
fact
or i
s de
fine
d as
gram
s of
calc
ium
carb
onat
e (C
a C0
3)
equi
vale
nt p
er g
ram
of a
lkal
ine
agen
t.
Cost
s mu
st t
hen
be r
elat
ed t
o th
e am
ount
requi
red w
hich
is a
funct
ion
of th
e pH
and
flow
of th
e min
e dr
ainag
e to
be tr
eated
.
 
4_J
Previous Experience
Methodology and design criteria are well developed. Several installations for the
treatment of mine wastes in the United States and Ontario.
"m‘ _ i__4
Source of Information 145: 19: 36, 84, 141.
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11ue Stream Neutralization 61
 
Keywords
Mining,
Nutrients,
Chemicals.
 
Applicable Land Use
Pollutant Controlled
Mining
Nutrients
Chemicals
Description
The
Pennsylvania
Department
of Environmental
Resources
has
constructed
an
automatically
operated
hydrated
lime
neutralization
system
for
treatment
of
streams
affected
by
acid
mine
drainage.
This
system
is
applied
to
streams
which
are
mildly
acidic
but
may
contain
little
iron,
aluminum,
manganese
or
other
compounds
that
will
precipitate
as
insoluble
compounds.
The
system
consists
of
a
lime
storage
bin
with
a variable
speed
factor.
Stream
flows
are
measured
by
a
float
behind
a weir.
Flow
and
upstream
pH
both
control
the
lime
feed
rate.
Lime
is
introduced
dry behind
the
weir
and
an
electric
mixer
and
baffles
ensure
rapid
dissolution.
Advantages Disadvantages
These plants have operated with little
Does not remove contaminant but transforms
problem and have returned several streams
its effects.
Probable downstream impact
to a quality that supports aquatic life.
due to increased mineral content of sedi—
ments.
  
Capital Costs Operating and Maintenance Costs
Several plants installed by Pennsylvania .
Operating costs have ranged from $300 to
have capital costs ranging from $40,000 to
$741 per month or about l.5¢ per cubic
$54,000 and have treated flows ranging metre in periods of low flow and l.8¢ per
from 568 to 21,764 cubic metres per day. cubic metre in periods of high flow.
Previous Experience
Generally still in research stage. Several installations in Pennsylvania.
 
Source of Information 142, 145-
  
11
ﬂe
Im
pr
ov
ed
Me
th
od
s
of
Sl
ud
ge
Di
sp
os
al
on
La
nd
62
[(e
yyv
ord
s
Liq
uid
Was
te
Dis
pos
al,
Urb
an,
Agr
icu
ltu
re,
Nut
rie
nts
,
Che
mic
als
.
 
Ap
pl
ic
ab
le
La
nd
Us
e
Po
ll
ut
an
t
Co
nt
ro
ll
ed
Li
qu
id
Wa
st
e
Di
sp
os
al
Nu
tr
ie
nt
s
Urb
an
Che
mic
als
Agriculture
Description
Disposal of digested liquid sewage sludge is commonly via land application by tank truck.
During the autumn and spring months when soils are soft and wet due to precipitation
conventional sludge handling vehicles are unable to drive over the fields without
becoming mired or causing excessive rutting and compaction of soil. Various types
of vehicles have been examined to determine their suitability for spreading sludge
on fields under adverse conditions. These included a tank truck, a sludge injector,
a bulldozer, a front end loader and an all terrain vehicle. Not one of the vehicles
or methods investigated proved to be ideally suitable and effective; however, the all
terrain vehicle showed the most promise.
Added
consi
derat
ion
shoul
d be
given
to th
e win
ter
appli
catio
n of
sewag
e sl
udges
to th
e
land with regard to potential runoff contamination during the spring melt. Storage
facilities may be used during periods when spreading is not desirable ie. wet periods,
winter, etc.
Adv
ant
age
s
Dis
adv
ant
age
s
— the all terrain caused minimal field - the bulldozer is too slow and heavy and
damage and was judged most appropriate causes excessive damage to topsoil and
for land disposal of sludge; however a turf. Front end loader too cumbersome
larger tank would be required on the all and also causes field damage.
terrain vehicles to improve efficiency. - tank truck becomes easily inoperative
— injector frequently clogs with soil and ﬂ
ineffective in hard soil or frost
— spreading slow with all terrain vehicle
Cap
ita
l C
ost
s
Ope
rat
ing
and
Mai
nte
nan
ce
Cos
ts
Dependent on type. Ranges from $20,000 to
$45,000.
 
Previous Experience
Various types of vehicles are used throughout the Great Lakes Basin for the land
application of sludges. Improved vehicles or associated equipment are normally well
received.
  
So
ur
ce
of
In
fo
rm
at
io
n
22
8,
78
,
79
,
80
,
14
5,
21
8,
22
5,
23
5.
#4
 
 F
—
—
—
—
N
I
   
T
i
ﬂ
e
A
n
n
u
a
l
S
t
o
r
a
g
e
a
n
d
L
a
n
d
A
p
p
l
i
c
a
t
i
o
n
o
f
L
i
v
e
s
t
o
c
k
W
a
s
t
e
s
6
3
Keywords
Agriculture,
Nutrients.
Applicable
Land
Use
Pollutant
Controlled
A
g
r
i
c
u
l
t
u
r
e
Nutrients
Description
Studies
have
been
undertaken
to
compare
daily
spreading
of
manure
on
the
land
with
annual
storage
where
manure
is
applied
several
days
prior
to
crop
planting
and
is
plowed
down
within
24
hours
after
application.
Less
manure
phosphorus
was
lost
through
storage
and
direct
plow
downbut
nitrogen
losses
were
greater
with
storage
than
with
daily
spreading.
It
was
also
found
that
for
given
restrictions
on
Nitrogen
losses
from
the
agricultural
areas
the
reduction
in
net
farm
income
per
pound
of
decreased
nitrogen
loss
was
higher
with
annual
storage
and
direct
plow
down,
than
with
daily
spreading
technique.
Similarly
it
was
found
that
it
is
more
costly
to
reduce
phosphorus
losses
with
annual
storage
and
direct
plowing,
if
storage
facilities
had
to
be built.
Advantages
Disadvantages
- controlled
application
— cost
— minimum
loss
by
runoff
—
storage
problems,
odour
— better
use
of
nutrients
_
—
sucess
is
dependent
on
soil,
crop
and
- elimination of daily spreading
climatic conditions
Capital Costs
Operating and Maintenance Costs
1
Annual storage and direct plow down of
livestock wastes is estimated to increase
farm operation costs by about 15% as com-
pared to frequent application, no signifi—
cant stockpiling and incorporation only
when convenient to a tillage operation.
 
Previous Experience
This is a practice applicable to and currently practiced in the Great Lakes Basin.
It has been adopted as a good farming practice by many agricultural agencies and is
eligible for grant/loan assistance in many jurisdictions.
source of Information 203, 89, 102, 33, 121, 124, 225, 239, 237, 152, 190, 206, 219,
g,   
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tr
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s
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Pollutant Controlled
Sediments
Nutrients
Description
In
ma
ny
ca
se
s
th
e
hi
gh
po
ll
ut
io
na
l
lo
ad
of
co
mb
in
ed
se
we
r
ov
er
fl
ow
s
is
th
e
re
su
lt
of
pi
pe
li
ne
de
po
si
ts
be
in
g
sc
ou
re
d
by
th
e
hi
gh
ve
lo
ci
ty
of
st
or
m
fl
ow
s.
Th
es
e
de
po
si
ts
ar
e
so
li
ds
th
at
se
tt
le
ou
t
or
th
at
ar
e
tr
ap
pe
d
wi
th
in
th
e
li
ne
du
ri
ng
an
te
ce
nd
en
t
dr
y
we
at
he
r.
Sy
st
em
at
ic
se
we
r
fl
us
hi
ng
is
de
si
gn
ed
to
re
mo
ve
th
e
ma
te
ri
al
pe
ri
od
ic
al
ly
as
it
ac
cu
mu
la
te
s
an
d
to
co
nv
ey
it
hy
dr
au
li
ca
ll
y
to
th
e
tr
ea
tm
en
t
fa
ci
li
ti
es
.
fo
un
d
th
at
re
mo
va
l
ef
fi
ci
en
cy
of
de
po
si
te
d
ma
te
ri
al
by
pe
ri
od
ic
fl
us
h
wa
ve
s
is
de
pe
nd
—
en
t
up
on
fl
us
h
vo
lu
me
,
fl
us
h
di
sc
ha
rg
e
ra
te
,
se
we
r
sl
op
e,
se
we
r
le
ng
th
,
se
we
r
fl
ow
rate, and sewer diameter.
It was
Advantages
—
pr
ov
id
e
pr
op
er
tr
ea
tm
en
t
to
pi
pe
li
ne
de
po
si
ts
du
ri
ng
dr
y
we
at
he
r
—
ma
in
ta
in
fu
ll
se
we
r
hy
dr
au
li
c
ca
pa
ci
ty
Disadvantages
Capital Costs
$1,750.00 per hectare to $3,550.00 per 1
hectare for sewer cleaning equipment.
 
Operating and Maintenance Costs
$32.00 per hectare to $64.00 per hectare
annual cost.
 
Previous Experience
Common practice in most urban areas.
So
ur
ce
of
Inf
orm
ati
on
146
237
,-1
04,
117
,
135
,
207
,
221
,
248
.
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Keywords
Urban
Drainage,
Nutrients,
Sediments.
 
Applicable
Land
Use
Pollutant
Controlled
Urban
Drainage
Nutrients
Sediments
Description
Regulators
are
designed
to
divert
average
dry
weather
and
maximum
flows
to
the
inter—
ceptor
leading
to
the
treatment
plant
with
the
excess
overflowing
to
a
receiving
water.
Recent
research
has
resulted
in
seVeral
regulators
that
appear
capable
of
providing
quality
and
quantity
control
via
induced
hydraulic
flow
patterns
that
tend
to
separate
and
concentrate
the
solids
from
the
main
flow.
Other
devices
promise
excellent
quantity
control
without
troublesome
sophisticated
design.
Research
results
are
available
on
the
following
types:
Broad—Crested
inflatable
fabric
dam,
cylinder
operated
gate,
cylindrical
gate,
float
operated
gate,
fluidic
device,
high
side-spill
weir,
horizontal
fixed
orifice
(drop
inlet),
internal
self
priming
syphon,
leaping
weir,
vertical
gate,
side—spill
weir,swirl
concentrator,
tipping
gate,
etc.
Advantages Disadvantages
— wide range of options
depending on
- limited control of pollution in overflow.
sophistication required
— can be designed to contain as much
contaminated water for treatment as
possible
— maintains optimum sewage treatment
operation
Capital Costs Operating and Maintenance Costs
Capital costs are dependent upon diameter
0 G M costs range from $600 to $700 for
inlet and outlet pipes, accessibility,
static non—mechanical devices to $1,200
mechanical nature of equipment, etc. Costs to $2,100 for the dynamic mechanical
range from $1,000 to $4,000 for static devices.
non-mechanical devices to $200,000 to
$600,000 for large dynamic mechanical
regulators.
   
Previous Experience
Many municipalities in the Great Lakes Basin with combined sewers are updating their
regulations. The development of regUIators to maximize overflow quality has resulted
in new consideration being given to the return to combined sewers in some circumstances.
Source of Information 135, 207, 210, 248, 246-
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|(e
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ord
s
Ext
rac
tiv
e,
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ort
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on,
Sed
ime
nts
,
Nut
rie
nts
.
 
Ap
pl
ic
ab
le
La
nd
Us
e
Po
ll
ut
an
t
Co
nt
ro
ll
ed
Ex
tr
ac
ti
ve
—
Op
en
Cu
t
Se
di
me
nt
s
Ur
ba
n
—
Co
ns
tr
uc
ti
on
Nu
tr
ie
nt
s
Transportation
Description
Ov
er
bu
rd
en
th
at
mu
st
be
re
mo
ve
d
to
ex
po
se
a
mi
ne
ra
l
is
se
ld
om
ho
mo
ge
ne
ou
s.
Th
is
ov
er
—
bu
rd
en
is
us
ua
ll
y
a
mi
xt
ur
e
of
so
il
an
d
ro
ck
th
at
ha
s
va
ry
in
g
ph
ys
ic
al
an
d
ch
em
ic
al
pr
op
er
ti
es
.
Fr
om
a
wa
te
r
po
ll
ut
io
n
st
an
dp
oi
nt
th
er
e
ar
e
th
re
e
cl
as
se
s
of
ov
er
bu
rd
en
ma
te
ri
al
:
1)
To
ps
oi
l
— m
at
er
ia
l
co
nd
uc
iv
e
to
pl
an
t
lif
e,
2)
Cl
ea
n
Fi
ll
,
3)
Po
ll
ut
io
n—
For
min
g
mat
eri
al.
The
pur
pos
e
of
seg
reg
ati
ng
ove
rbu
rde
n
is
to
kee
p
the
thr
ee
cla
sse
s
of
ma
te
ri
al
se
pa
ra
te
d
du
ri
ng
mi
ni
ng
or
co
ns
tr
uc
ti
on
so
th
at
th
ey
ca
n
be
ef
fe
ct
iv
el
y
utilized later for regrading.
Sp
oi
l
se
gr
eg
at
io
n
wa
s
ra
re
ly
pr
ac
ti
ce
d
by
mi
ne
rs
in
th
e
pa
st
be
ca
us
e
it
wa
s
ch
ea
pe
r
to
pi
le
al
l
ma
te
ri
al
to
ge
th
er
.
Re
cl
am
at
io
n
of
th
es
e
ol
d
ab
an
do
ne
d
mi
ne
s
is
di
ff
ic
ul
t
bec
aus
e
goo
d
soi
l
is
los
t
and
pol
lut
ion
~fo
rmi
ng
mat
eri
als
occ
ur
thr
oug
hou
t
the
soi
l.
On
e
of
th
e
pr
im
ar
y
pu
rp
os
es
of
ov
er
bu
rd
en
se
gr
eg
at
io
n
is
to
st
oc
k
pi
le
so
il
fo
r
la
te
r
es
ta
bl
is
hm
en
t
of
ve
ge
ta
ti
on
.
So
il
fr
om
all
su
rf
ac
e
mi
ne
si
te
s
sh
ou
ld
be
re
mo
ve
d,
sto
ck
pil
ed
and
tem
por
ari
ly
veg
eta
ted
to
con
tro
l
ero
sio
n.
Urb
an
and
tra
nsp
ort
ati
on
con
str
uct
ion
has
a b
ett
er
rec
ord
of
top
soi
l
seg
reg
ati
on
for
reg
rad
ing
of
dis
tur
bed
are
a h
owe
ver
,
lit
tle
att
emp
t
is
mad
e
to
rec
ons
tru
ct
ori
gin
al
soi
l
hor
izo
ns.
The
rep
lac
eme
nt
of
suc
ces
siv
e
soi
l
hor
izo
ns
is
req
uir
ed
for
ful
l
restoration of the soil's productivity.
Ad
va
nt
ag
es
Di
sa
dv
an
ta
ge
s
Ha
s
be
en
su
cc
es
sf
ul
ly
ut
il
iz
ed
ma
ny
ti
me
s
On
ly
ap
pl
ic
ab
le
to
su
rf
ac
e
ac
ti
vi
ty
.
Ma
y
in
th
e
co
al
fi
el
ds
of
ea
st
er
n
Un
it
ed
St
at
es
‘n0
t
be
su
ff
ic
ie
nt
ma
te
ri
al
co
nd
uc
iv
e
to
Wh
en
ut
il
iz
ed
wi
th
re
gr
ad
in
g
an
d
re
ve
ge
ta
—
ve
ge
ta
ti
ve
gr
ow
th
to
sa
ve
.
Co
st
ly
if
tio
n
it
is
bel
iev
ed
to
be
one
of
the
mos
t
ope
rat
ion
s
not
car
efu
lly
pla
nne
d.
successful methods of controlling water
pollution from surface mines.
A necessity with both urban and rural
earthwork for complete restoration.
 
Cost Implications
Cos
ts
var
y i
n a
cco
rda
nce
wit
h t
he
amo
unt
of
dif
fer
ent
ove
rbu
rde
n t
ype
s p
res
ent
,.t
err
ain
,
geom
etry
of t
he m
ine
site
, mi
ning
meth
od,
and
equi
pmen
t av
aila
ble.
The
cost
of u
sing
this
tech
niqu
e wi
ll h
ave
to b
e de
velo
ped
on a
n in
divi
dual
site
basi
s.
Cost
s ca
nnot
be
deter
mined
from
past
appli
catio
n of
this
techn
ique
becau
se it
is us
ed i
n con
junct
ion
with
othe
r te
chni
ques
.
Cost
s of
this
tech
niqu
e ha
ve n
ever
been
isol
ated
from
cost
s of
the
ent
ire
min
ing
Ope
rat
ion
, b
ut
in
urb
an
and
tra
nsp
ort
ati
on
ear
thw
ork
s,
scr
api
ng
and
stock
pilin
g of
earth
may
run
in th
e $.
75 to
$1.50
/Cu~
m- r
ange
depen
ding
Upon
V°1um
eand
haul distance_
Previous Experience
Commo
nly u
sed
techn
ique
in it
s sim
plest
form
howev
er,
incre
ased
benef
its
can a
ccrue
if
technique more rigorously applied.
S
o
ur
c
e
of
In
fo
rm
at
io
n
14
5.
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11ﬂe
Mineral
Barriers
or Low
Wall
Barriers
67
  
|(eyvvords
ExtractiVe,
Sediments,
Nutrients,
Chemicals.
 
Applicable Land Use Pollutant Controlled
Extractive Sediments
Nutrients
Chemicals
Description
Mineral
barriers
are
portions
of
the
mineral
and/or
overburden
that
are
left
in
place
during
mining.
These
barriers
are
common
in
the
coal
industry.
Approximately
a
9
m
width
of coal
outcrop
is
left
in place
during
contour
strip
planning.
The basic
function
of
this
“low
wall
barrier”
is
to
provide
a
natural
seal
along
the
outcrop.
This
seal
helps
retain
surface
and
mine
water
within
the
mine
during
the
mining
operation,
after mining
the barrier helps
to confine
groundwater
within the
regraded
mine
spoil.
Mineral
barriers
are
also
left
between
surface
mines
and
adjacent
deep
mines
to
prevent
the
free
passage
of
water
between
the
mines.
Mineral
barriers
appear
applicable
to
the
dredge mining
industry.
A barrier
could
be
left
between the
dredging
operation
and
an adjacent
stream
or body
of water
in
order
to contain
large amounts
of sediment
often generated
from
the mine
area.
Advantages Disadvantages
Low wall
barriers
are
applicable
to most
Can provide
obstruction
and
inconvenience
types of contour mining. They function to vehicle movement.
best when mining has been performed to the
rise of the mineral seam. Effectiveness of
the barrier depends upon the integrity of
the formation and local hydrologic condit—
ions. The barrier should be utilized in
the context of a reclamation plan.
All of mineral deposit is not utilized.
 
Cost Implications
The costs of this technique are a function of the site conditions of the individual
mine site. They have not in the literature been separated therefore estimation is
difficult. Unfortunately a low wall barrier used in contour mining contains the most
easily extractable mineral in the mine. The minerals remaining in the barriers are
not likely to be mined in the future because of their geographic distribution over
large areas.
Previous Experience
Design methodology and criteria well developed.
In current use by some coal extraction operations.
   
Source of Information 145
l__________.i
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Description
Th
is
co
nc
ep
t
is
an
ad
ap
ta
ti
on
of
lo
ng
wa
ll
un
de
rg
ro
un
d
mi
ni
ng
.
It
is
be
in
g
in
ve
st
ig
at
ed
fo
r
mi
ni
ng
of
se
am
—t
yp
e
mi
ne
ra
l
de
po
si
ts
su
ch
as
co
al
as
an
al
te
rn
at
iv
e
to
st
ri
p
mi
n-
in
g.
A
ve
rt
ic
al
tr
en
ch
is
cu
t
in
to
th
e
hi
ll
pe
rp
en
di
cu
la
r
to
th
e
co
al
ou
tc
ro
p
th
en
au
to
ma
ti
c
mi
ni
ng
eq
ui
pm
en
t
is
in
se
rt
ed
in
th
is
tr
en
ch
an
d
pr
og
re
ss
es
th
ro
ug
h
th
e
co
al
se
am
in
a
di
re
ct
io
n
pa
ra
ll
el
to
th
e
ou
tc
ro
p.
Co
al
is
cu
t
by
ma
ch
in
e
an
d
tr
an
sp
or
te
d
to
th
e
ou
tc
ro
p
wi
th
a
co
nv
ey
or
be
lt
.
Th
e
mi
ne
ro
of
is
he
ld
up
wi
th
hy
dr
au
li
c
ja
ck
s
th
at
pr
og
re
ss
fo
rw
ar
d
wi
th
th
e
cu
tt
in
g
eq
ui
pm
en
t
al
lo
wi
ng
th
e
ro
of
to
co
ll
ap
se
be
hi
nd
the miner.
Ad
va
nt
ag
es
Di
sa
dv
an
ta
ge
s
Th
is
ty
pe
of
mi
ni
ng
do
es
no
t
le
av
e
un
de
r-
gr
ou
nd
vo
id
sp
ac
es
.
It
do
es
no
t
di
st
ur
b
th
e
ov
er
ly
in
g
ma
te
ri
al
as
in
st
ri
p
mi
ni
ng
an
d
co
ul
d
pr
ov
id
e
a
hi
gh
pe
rc
en
ta
ge
of
co
al
rec
ove
ry.
Equ
ipm
ent
is
con
tro
lle
d
rem
ote
ly
ke
ep
in
g
pe
op
le
ou
t
of
th
e
da
ng
er
ar
ea
.
In
vi
ew
of
li
mi
te
d
ap
pl
ic
at
io
n
to
da
te
it
must be considered experﬁnental.
 
Cost Implications
Costs are not yet available.
Previous Experience
A
fe
w
in
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al
la
ti
on
s
in
th
e
co
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fi
el
ds
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nn
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an
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a.
S
o
u
r
c
e
o
f
I
n
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o
r
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a
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1
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This
method
was
developed
as
an
alternative
to
standard
contour
strip
mining,
to
facilitate
contour
regrading,
minimize
overburden
handling,
and
to
contain
spoil
within
the
mine
areas.
An
initial
cut
is
made
from
a
crop
line
into
the
hillside
for
the
maximum
high
wall
depth
desired
and
suitably
cast
in
a
low
area
or
placed
in
a
suitable
pit
or
hollow
fill
area.
after
removal
of
the
mineral
Vein
from
the
open
block.
Spoil
from
the
succeeding
cut
is
backfilled
into
the
previous
cut
proceeding
in
one
or
both
directions
from
the
initial
cut.
This
step
simutaneously
allows
resource
recovery
and
provides
the
first
step
in
strip
mine
reclamation.
11ﬂe
Modified
Block
Cut
or
Pit
Storage
69
|(eyvvords
Extractive,
Sediments,
Nutrients,
Chemicals.
Applicable
Land
Use
Pollutant
Controlled
Extractive
sediments
Nutrients
Chemicals
Description
_
This cut is usUally three times wider than
each
suCCeedingcut
in
order
to
accommodate
spoil
material
from
succeéding
operations
Advantages Disadvantages
— OVerburden is handled only once, grading
and revegetation areas are reduced
— concurrent reclwnation , relatively small
disturbed area, use ofcontour regrading
and confinement of most of the spoil to
the mine area
height of 18 m.
of overburden
— limited at present to terrain slopes of
less than 200 and average high wall
- problem
placing
material
from
first
cut
Capital Costs Operating and Maintenance Costs
It appears that this method is no more
expensive than any other method where con-
tour regrading is required and could
eVentually prove to be less costly.
 
Previous Experience
Utilized in the coal fields of Pennsylvannia.
 
Source of Information 145-
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Keywords
Ap
pl
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ab
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L
a
n
d
U
s
e
Po
ll
ut
an
t
Co
nt
ro
ll
ed
'E
xt
ra
ct
iv
e
Se
di
me
nt
s
Nutrients
Chemicals
Description
Th
is
te
ch
ni
qu
e
is
es
se
nt
ia
ll
y
an
ov
er
bu
rd
en
st
or
ag
e
me
th
od
.
Ov
er
bu
rd
en
ma
te
ri
al
fr
om
ad
ja
ce
nt
co
nt
ou
r
or
mo
un
ta
in
to
p
mi
ne
s
is
pl
ac
ed
in
na
rr
ow
st
ee
p
si
de
d
ho
ll
ow
s.
Th
e
ma
te
ri
al
sh
ou
ld
be
pr
op
er
ly
pl
ac
ed
in
co
mp
ac
te
d
la
ye
rs
of
1.
2
to
2.
4
me
te
rs
an
d
gr
ad
ed
so
th
at
su
rf
ac
e
dr
ai
na
ge
is
po
ss
ib
le
.
Th
e
na
tu
ra
l
gr
ou
nd
sh
ou
ld
al
wa
ys
be
cl
ea
re
d
of
wo
od
y
ve
ge
ta
ti
on
.
Si
te
sh
ou
ld
be
se
le
ct
ed
wh
er
e
na
tu
ra
l
dr
ai
na
ge
ex
is
ts
or
ma
y
ha
ve
ex
is
te
d
ex
ce
pt
in
ar
ea
s
wh
er
e
in
un
da
ti
on
oc
cu
rs
.
Th
is
pe
rm
it
s
gr
ou
nd
wa
te
r
an
d
na
tu
ra
l
fe
rt
il
iz
at
io
n
to
ex
it
fi
ll
ar
ea
s
wi
th
ou
t
sa
tu
ra
ti
ng
th
e
fi
ll
,
th
is
re
du
ce
s
po
te
nt
ia
l
la
nd
sl
id
e
an
d
er
os
io
n
pr
ob
le
ms
.
Ad
va
nt
ag
es
Di
sa
dv
an
ta
ge
s
Pr
ov
id
es
a
me
an
s
of
cl
ea
ni
ng
up
is
la
nd
s
of
Le
av
es
be
hi
nd
a
la
rg
e
am
ou
nt
of
di
st
ur
be
d
la
nd
le
ft
wi
th
no
ac
ce
ss
re
su
lt
in
g
fr
om
in
-
so
il
.
Un
de
rd
ra
in
ag
e
co
nt
ai
ni
ng
hi
gh
co
n-
co
mp
le
te
pr
io
r
mi
ni
ng
.
Ca
n
re
du
ce
la
nd
—
ce
nt
ra
ti
on
s
of
po
ll
ut
an
ts
so
me
ti
me
s
re
su
lt
s
sl
id
e
po
te
nt
ia
l
an
d
al
lo
w
fo
r
fu
ll
re
co
ve
ry
an
d
ma
y
re
qu
ir
e
tr
ea
tm
en
t.
of
on
e
or
mo
re
mi
ne
ra
l
se
am
s.
Ef
fe
ct
iv
e—
ne
ss
de
pe
nd
s
up
on
go
od
de
si
gn
an
d
co
ns
tr
uc
td
ion of drainage facilities.
 
Cost Implications
Co
st
of
he
ad
—o
f—
ho
ll
ow
fi
ll
in
g
wi
ll
de
pe
nd
up
on
th
e
me
th
od
of
mi
ni
ng
it
su
pp
le
me
nt
s.
Ha
ul
di
st
an
ce
s,
si
te
pr
ep
ar
at
io
n
an
d
eq
ui
pm
en
t
us
ed
mu
st
be
ta
ke
n
in
to
ac
co
un
t
at
ea
ch
pr
op
os
ed
si
te
.
Co
st
s
co
ul
d
be
re
du
ce
d
in
so
me
ap
pl
ic
at
io
ns
wh
er
e
bo
x
cu
t
or
mo
di
fi
ed
-
bl
oc
k
cu
t
mi
ni
ng
me
th
od
s
ar
e
us
ed
,
du
e
to
a
co
ns
eq
ue
nt
re
du
ct
io
n
in
ma
te
ri
al
to
be
discarded outside the mine bench.
Previous Experience
Ut
il
iz
ed
in
th
e
co
al
fi
el
ds
of
Pe
nn
sy
lv
an
ni
a.
145.
 
Source of Information
 
 liﬂe Box Cut Mining
71
 
Keywords Extractive, Sediments, Nutrients, Chemicals.
Applicable Land Use
 
Pollutant Controlled
graded.
material stock piled.
and cast down slope.
from the first cut opening.
Extractive Sediments
Nutrients
Chemicals
Description
The box-cut method, utilizing only one cut, is essentially a normal form of contour
strip mining which leaves an undistrubed bench over a low wall.
carded down slope, using an acceptable slope control technique and eventually re-
With two cuts, vegetation is remOVed and suitable top soil overburden
Remaining overburden is remOVed to a pre—determined elevation
The box cut operation then begins nearest the exposed high
wall with this overburden cast over the low wall area, the mineral is then extracted
A second cut is then made toward the low wall barrier
with the spoil material cast into the first cut trench.
Overburden is dis-
Advantages
— generally applicable to surface mining
on rolling to steep terrain
— may be applied to multiple seam vein
resource recovery
- progressive restoration
Disadvantages
- unless some very careful planning is
done and operations carefully controlled
further problems may develop
- steep slope conditions could severely
limit the application
- problem of preventing slide conditions,
spoil erosion, and resultant stream
sedimentation from occurring.
Cost Implications
this specific aspect.
each mine site.
This is a relatively inexpensive mining technique. Costs have not been broken out for
Costs will vary according to the mining plan, local factors at
Previous Experience
Open pit mining areas of Pennsylvannia, Ohio and Minnesota.
  
, Source of Information 145-
.
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Ar
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ni
ng
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Ke
yw
or
ds
Ex
tr
ac
ti
ve
,
Se
di
me
nt
s,
Nu
tr
ie
nt
s,
Ch
em
ic
al
s.
Ap
pl
ic
ab
le
La
nd
Us
e
Po
ll
ut
an
t
Co
nt
ro
ll
ed
Ex
tr
ac
ti
ve
Se
di
me
nt
s
Nutrients
Chemicals
Description
Ar
ea
mi
ni
ng
in
vo
lv
es
re
mo
va
l
of
la
rg
e
bl
oc
ks
An
ar
ea
mi
ne
is
us
ua
ll
y
st
ar
te
d
wi
th
a
bo
x
cu
t
or
tr
en
ch
ex
te
nd
in
g
to
th
e
li
mi
ts
of
th
e
pr
op
er
ty
or
ve
in
de
po
si
t
wi
th
a
co
nc
om
it
an
t
pa
ra
ll
el
Sp
oi
l
ma
te
ri
al
fr
om
ea
ch
su
cc
es
si
ve
pa
ra
ll
el
cu
t
or
tr
en
ch
is
pl
ac
ed
in
La
st
cu
t
or
tr
en
ch
is
bo
un
de
d
by
OV
er
bu
rd
en
ma
te
ri
al
on
on
e
si
de
an
d
an
un
di
st
ur
be
d
hi
gh
wa
ll
on
th
e
ot
he
r
si
de
.
na
rr
ow
ba
nd
s
of
ma
te
ri
al
.
spoil bank.
a preceeding trench.
of
ma
te
ri
al
wh
er
ea
s
co
nt
ou
r
mi
ni
ng
re
mo
ve
s
Advantages
Ha
s
fe
we
r
as
so
ci
at
ed
pr
ob
le
ms
th
an
co
nt
ou
r
mi
ni
ng
.
A
la
rg
e
po
rt
io
n
of
se
di
me
nt
at
io
n
oc
cu
rs
wi
th
in
th
e
mi
ne
an
d
ne
ve
r
re
ac
he
s
ex
te
rn
al
su
rf
ac
e
fl
ow
ch
an
ne
ls
.
Sp
oi
l
la
nd
sl
id
es
ar
e
ra
re
.
Re
gr
ad
in
g
of
ar
ea
mine land usually less expensive.
 
Disadvantages
Ar
ea
mi
ni
ng
ha
s
gr
ea
te
r
po
te
nt
ia
l
fo
r
ground water pollution. Overburden
se
gr
eg
at
io
n,
wa
te
r
di
Ve
rs
io
n,
re
gr
ad
in
g
an
d
re
ve
ge
ta
ti
on
ar
e
ne
ce
ss
ar
y
in
co
n-
ju
nc
ti
on
wi
th
ar
ea
mi
ni
ng
to
el
im
in
at
e
wa
te
r
po
ll
ut
io
n
an
d
im
pr
ov
e
ae
St
he
ti
cs
.
Cost Implications
Thi
s i
s a
min
ing
tec
hni
que
and
not
a r
ecl
ama
tio
n
are
an
int
egr
al
par
t
of
the
tot
al
min
ing
ope
rat
ion
and
the
ref
ore
hav
e
not
bee
n b
rok
en
out .
technique. Costs of reclamation
Previous Experience
Common open pit mining technique.
S
o
u
r
c
e
of
In
fo
rm
at
io
n
14
5
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Title Auger Mining 73
 
l(eyvvords Extractive, Nutrients, Chemicals.
 
Applicable Land Use
Pollutant Controlled
Extractive
Nutrients
Chemicals
Description
This mining method is used to recover coal behind a high wall of a surface mine.
Large
augers are driven horizontally about 60 metres into a pole seam.
Coal is recovered in
a manner similar to wood chips from a drill bit, successive parallel holes are driven
into the pole seam until the operation becomes unfeasible.
The strip mine is then back-
filled over the auger hole openings.
Recovery is often less than 40%.
Advantages Disadvantages
If carried out properly pollution potential Special compaction procedures are required
can be minimized. when backfilling auger holes, if auger
operation is carried out in acid producing
seams of coal, problems of adequate seal—
ing may occur.
 
Cost Implications
This is a mining technique rather than a remedial technique therefore costs have not
been determined.
Previous Experience
Generally in developmental stage.
 
Source of Information 145-
 
 Title Re
du
ci
ng
Su
rf
ac
e
Wa
te
r
In
fi
lt
ra
ti
on
74
 
Keywords
Ex
tr
ac
ti
ve
,
So
li
d
Wa
st
e
Di
sp
os
al
,
Ch
em
ic
al
,
Nu
tr
ie
nt
s
Applicable Land Use
ExtractiVe
Solid Waste Disposal
 
Pollutant Controlled
Chemical
Nutrients (through groundwater)
Description
Th
is
te
ch
ni
qu
e
in
vo
lv
es
re
du
ci
ng
su
rf
ac
e
pe
rm
ea
bi
li
ty
of
po
ll
ut
io
n
fo
rm
in
g
ma
te
ri
al
s.
Th
is
ca
n
be
ac
hi
ev
ed
by
pl
ac
em
en
t
of
im
pe
rv
io
us
ma
te
ri
al
s
su
ch
as
co
nc
re
te
,
so
il
ce
me
nt
,
as
ph
al
t,
ru
bb
er
,
pl
as
ti
c,
la
te
x
an
d
cl
ay
.
by
su
rf
ac
e
co
mp
ac
ti
on
an
d
by
ch
em
ic
al
su
rf
ac
e
tr
ea
tm
en
t
su
ch
as
ca
rb
on
at
e
bo
nd
in
g.
Th
e
im
pe
rv
io
us
ma
te
ri
al
is
ap
pl
ie
d
in
a
la
ye
r
on
th
e
po
ll
ut
an
t
fo
rm
in
g
ma
te
ri
al
to
form a water tight seal over it.
le
ft
ex
po
se
d
de
pe
nd
in
g
up
on
th
e
ma
te
ri
al
an
d
th
e
fu
tu
re
la
nd
us
e.
te
ch
ni
qu
e
ha
s
ve
ry
sp
ec
if
ic
pr
oc
ed
ur
es
th
at
mu
st
be
fo
ll
ow
ed
in
or
de
r
ei
th
er
to
pr
o-
Th
e
re
ma
in
in
g
ma
te
ri
al
s
an
d
ov
er
bu
rd
en
ab
ov
e
ar
e
Each particular
te
ct
th
e
in
te
gr
it
y
of
th
e
ma
te
ri
al
or
to
en
su
re
th
at
pr
op
er
mi
xi
ng
an
d
th
er
ef
or
e
resultant qualities are developed.
Th
is
ef
fe
ct
ca
n
al
so
be
ac
hi
ev
ed
Advantages
—
Re
du
ct
io
n
in
wa
te
r
pe
rc
ol
at
in
g
th
ro
ug
h
po
ll
ut
io
n
fo
rm
in
g
ma
te
ri
al
s
th
er
ef
or
e,
re
-
su
lt
in
g
in
de
cr
ea
se
in
le
ac
ha
te
pr
od
uc
ti
on
—
le
ss
vo
lu
me
of
hi
gh
er
co
nc
en
tr
at
io
n
le
ac
ha
te
is
us
ua
ll
y
ea
si
er
to
ha
nd
le
an
d
treat if required.
 
Disadvantages
Wid
e
ran
ge
of
cos
ts
oft
en
in
pro
por
tio
n t
o
efficiency.
Some materials very prone to
damage, possible effects of settlements,
quality control must be strict.
Cost Implications
The
cos
ts
of
the
se
tec
hni
que
s v
ary
wid
ely
due
to
the
nat
ure
of
the
sea
lan
t m
ate
ria
ls.
Ind
ivi
dua
l
cos
ts
are
dep
end
ent
upo
n
suc
h
fac
tor
s
as
vol
ume
of
mat
eri
al
req
uir
ed,
thi
ck-
nes
s a
nd
are
a o
f a
ppl
ica
tio
n,
lab
our,
mat
eri
al
and
equ
ipm
ent
cos
ts.
Gunite $19.00 to $22.00 per sq. metre.
Carbonate bonding $.95 to $3.00 per sq. metre.
$7.80 per cubic metre.
per sq. metre.
Clay $2.30 to
var
yin
g
in
thi
ckn
ess
and
in
com
pos
iti
on
ran
ge
fro
m $
2.7
0 t
o $
10.
75
per
sq.
met
re.
Asphalt $2.40 to $6.00
Synthetic membranes
 
Previous Experience
Mat
eri
als
are
wid
ely
ava
ila
ble
and
tec
hni
que
is
app
lic
abl
e
and
use
d
thr
oug
hou
t
the
Great Lakes Basin.
So
ur
ce
of
In
fo
rm
at
io
n
14
5'
4.4
#4
é
;
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l
i
ﬂ
e
R
o
a
d
P
l
a
n
n
i
n
g
a
D
e
s
i
g
n
7
5
|(eyyvords
Forestry,
Transportation,
Sediments.
Applicable
Land
Use
Pollutant
Controlled
§::::;:¥tation
sediments
 
Description
Roads,b0th during construction and while in service,are the largest single cause of
sedimentation in water courses in forested areas.
No amount of design or construction
expertise will eliminate sedimentation as well as a thorough planning and reconnais—
sance program.
At this stage the potential for mass earth mOVement,
high unstable
soils,
soil erodability, unstable stream channels,
etc.
should be identified.
Also,
activity should be
limited in areas adversely affected by landform, climate, topo-
graphy,
etc.
and assessments should be made of land capabilities to recover.
Considered to be the most important phase of logging road development.
Advantages Disadvantages
— reduces costs not anticipated when roads
are located in an improper manner.
— allows anticipation of erosion problems
before they occur therefore, resulting in
preventative measures being taken.
Cost Implications
Increased design costs and time to implementation. Possible savings in construction
and restoration costs.
Previous Experience
Advocated by logging companies and government agencies in Canada and U53. Methodology
and criteria well developed.
Sour
ce o
f In
form
atio
n
130:
128’
129'
d:
‘—   
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Title Blocking
Keywords Extractive, Chemicals,
Applicable Land Use Pollutant Controlled
Extractive Chemicals
 
Description
Blocking is any process that reduces amount of oxygen entering the mine sulphide
environment and thereby reduces amount of sulphide acid produced. Various methods
of oxygen exclusion have been tried. Among the less successful are latex surface
barriers, groundwater—aquifer control, filling, and removal of solids. The most
successful — blocking with grouted limestone blocks, also provides a measure of
neutralization and retards groundwater movement. Oxygen contents of 16—17% have
been achieved with 50-60% reduction in H2804 production.
Disadvantages
Advantages
- unforeseen fractures and irregularities
- moderately effective
- reduces acid production and leaching of cause groundwater movement and re—
oxygenation
other chemicals
Cost Implications
Not available from literature sources.
Previous Experience
Field Experimental
  
Source of information 8, 142, 145.
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l
(
e
y
v
v
o
r
d
s
U
r
b
a
n
,
T
r
a
n
s
p
o
r
t
a
t
i
o
n
,
A
g
r
i
c
u
l
t
u
r
a
l
,
R
e
c
r
e
a
t
i
o
n
,
S
e
d
i
m
e
n
t
s
,
E
r
o
s
i
o
n
.
A
p
p
l
i
c
a
b
l
e
L
a
n
d
U
s
e
P
o
l
l
u
t
a
n
t
C
o
n
t
r
o
l
l
e
d
U
r
b
a
n
L
a
k
e
s
h
o
r
e
&
R
i
v
e
r
b
a
n
k
s
e
d
i
m
e
n
t
s
T
r
a
n
s
p
o
r
t
a
t
i
o
n
E
r
o
s
i
o
n
Agricultural
Recreation
Description
A
c
h
e
c
k
d
a
m
is
a
s
t
r
u
c
t
u
r
e
u
s
e
d
to
r
e
d
u
c
e
t
h
e
g
r
a
d
i
e
n
t
s
in
c
h
a
n
n
e
l
s
to
t
h
e
r
e
b
y
c
o
n
t
r
o
l
h
e
a
d
w
a
r
d
and
s
t
r
e
a
m
b
a
n
k
erosion.
By
reducing
gradients
in
the
channel
flow,
v
e
l
o
c
i
t
i
e
s
a
r
e
r
e
d
u
c
e
d
a
n
d
t
h
e
r
e
f
o
r
e
e
r
o
s
i
o
n
is
r
e
d
uc
e
d
.
At
t
h
e
d
r
o
p
s
t
r
u
c
t
u
r
e
an
a
b
r
u
p
t
c
h
a
n
g
e
in
g
r
a
d
e
is
c
r
e
a
t
e
d
in
a
l
o
c
a
l
i
z
e
d
a
r
e
a
w
h
i
c
h
is
p
r
o
t
e
c
t
e
d
f
r
o
m
e
r
o
s
i
o
n
.
C
h
e
c
k
d
a
m
s
are
u
s
e
d
wh
e
r
e
the
capability
of
the
earth
and/or
ve
g
e
t
a
t
i
ve
m
e
a
s
ur
e
s
are
e
xc
e
e
d
e
d
in
the
safe
handling
of
water
at
permissible
velocities,
where
excessive
grade
or
over-
fall
conditions
occur,
or
where
water
is
to
be
lowered
from
one
elevation
to
another.
S
t
r
uc
t
ur
e
s
can
be
made
of
concrete,
metal,
rock,
gabions,
fabriform,
wood,
etc.
d
e
p
e
n
d
—
i
n
g
u
p
o
n
s
i
t
e
c
o
n
d
i
t
i
o
n
s
.
W
i
d
e
l
y
u
s
e
d
f
o
r
w
a
t
e
r
c
o
u
r
s
e
s
t
a
b
i
l
i
z
a
t
i
o
n
.
 
A
d
v
a
n
t
a
g
e
s
D
i
s
a
d
v
a
n
t
a
g
e
s
-
indirect
control
of
nutrients,
pesticides,
—
site
specific
design
required
reaeration
of
stream
-
upstream
and
downstream
effects
must
be
considered
—
fish
movement
restricted
 
Cost Implications
Capital
—
Site
specific,
dependent
on
design
Design
Life
-
Varies
depending
on
materials,
5
to
50
years
Operating
a
Maintenance
—
1%
to
2%
of
capital
cost
per
year
Previous Experience
Widely used in all parts of Canada and U.S.
   
jource of Information 92, -108, 110, 120, 126,106~
L  
   
11ﬂe Retaining Walls for Road Construction for Steeper Slopes 78
Keywords Forestry, Transportation, Sediments.»
Applicable Land Use Pollutant Controlled
Forestry Sediments
Transportation
Description
Retaining walls bring about an abrupt changein grade or enable the utilization of a
steeper overall slope than otherwise possible. Three types of walls are used and
each has a limited height design.
1. Gravity walls or buttresses are suitable for moderate soil pressures and are
designed for the height of 2.4-3 metre walls.
2. Crib walls can be built up to 6 metre to withstand moderate soil pressure
3. Cantilever walls allow a 7.6 metre height to counteract most Soil conditions.
This has proven to be an effective method to eliminate most soil movement.
Advantages Disadvantages
- allows roads to be built across steeper — very costly
slopes than normally possible - may be susceptible to soil erosion unless
otherwise designed
Capital Costs Operating and Maintenance Costs
Capital Cost in the order of $300 to $1000 — Maintenance should be minimal if properly
per metre depending upon height and 5011 designed and constructed.
conditions.
Previous Experience
Methodology and design criteria well developed.
Prefabricated sections available
from
many
suppliers.
In
common
usage.
   
Sour
ce of
Infor
matio
n
130,
108,
110,
128.
#
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—
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—
_
—
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—
—
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T
i
n
e
R
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v
e
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e
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a
t
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n
—
R
e
f
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r
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a
t
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o
n
o
f
C
u
t
A
r
e
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a
n
d
B
a
r
e
S
l
o
p
e
s
7
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K
e
y
v
v
o
r
d
s
F
o
r
e
s
t
r
y
,
T
r
a
n
s
p
o
r
t
a
t
i
o
n
,
E
x
t
r
a
c
t
i
v
e
,
U
r
b
a
n
,
S
e
d
i
m
e
n
t
s
.
Applicable Land Use
 
Pollutant Controlled
i
n
i
t
i
a
l
r
a
t
e
s
o
f
s
o
i
l
l
o
s
s
.
F
o
r
e
s
t
r
y
L
a
k
e
s
h
o
r
e
G
R
i
v
e
r
b
a
n
k
s
e
d
i
m
e
n
t
s
T
r
a
n
s
p
o
r
t
a
t
i
o
n
E
r
o
s
i
o
n
Extractive
Urban
Description
T
h
e
g
r
e
a
t
e
s
t
a
m
o
u
n
t
o
f
e
r
o
s
i
o
n
f
r
o
m
r
o
a
d
s
(
a
f
t
e
r
c
o
n
s
t
r
u
c
t
i
o
n
)
o
c
c
u
r
s
d
u
r
i
n
g
t
h
e
f
i
r
s
t
y
e
a
r
a
f
t
e
r
c
o
m
p
l
e
t
i
o
n
a
n
d
d
e
c
r
e
a
s
e
s
t
h
e
r
e
a
f
t
e
r
.
V
e
g
e
t
a
t
i
v
e
e
s
t
a
b
l
i
s
h
m
e
n
t
(
g
r
a
s
s
e
s
a
n
d
/
o
r
t
r
e
e
s
)
s
h
o
u
l
d
b
e
i
n
i
t
i
a
t
e
d
i
m
m
e
d
i
a
t
e
l
y
a
f
t
e
r
s
o
i
l
d
i
s
t
u
r
b
a
n
c
e
.
v
e
g
e
t
a
t
i
o
n
s
h
o
u
l
d
b
e
a
c
c
o
m
p
a
n
i
e
d
b
y
f
e
r
t
i
l
i
z
e
r
s
,
m
u
l
c
h
e
s
,
c
h
e
m
i
c
a
l
s
o
i
l
s
t
a
b
i
l
i
z
e
r
s
,
w
a
t
e
r
i
n
g
o
r
m
e
c
h
a
n
i
c
a
l
m
e
a
s
u
r
e
s
t
o
e
n
s
u
r
e
q
u
i
c
k
v
e
g
e
t
a
t
i
v
e
g
r
o
w
t
h
a
n
d
l
i
m
i
t
h
i
g
h
.
It
s
h
o
u
l
d
b
e
c
a
r
r
i
e
d
o
u
t
a
t
a
n
o
p
t
i
m
u
m
t
i
m
e
o
f
y
e
a
r
t
o
e
n
s
u
r
e
m
a
x
1
m
u
m
a
m
o
u
n
t
o
f
g
r
o
w
t
h
d
u
r
i
n
g
t
h
e
f
i
r
s
t
s
e
a
s
o
n
.
If necessary, re-
T
h
i
s
t
e
c
h
n
i
q
u
e
is
a
l
s
o
a
p
p
l
i
c
a
b
l
e
to
l
a
k
e
s
h
o
r
e
s
a
n
d
r
i
v
e
r
b
a
n
k
s
l
e
f
t
b
a
r
e
b
y
e
r
o
s
i
o
n
or
f
o
l
l
o
w
1
n
g
s
l
o
p
e
l
o
we
r
i
n
g
,
c
o
n
s
t
r
u
c
t
i
o
n
o
f
r
o
a
d
o
r
u
t
i
l
i
t
y
c
r
o
s
s
i
n
g
s
,
etc.
Advantages
-
one
of
the
cheaper
and
most
effective
methods
of
soil
stabilization
-
decreased
overland
flow,
increases
in-
filtration
and
is
aesthetically
pleasing
—
also
advantageous
to
wildlife
Disadvantages
—
dependent
upon
climatic
conditions
Capital Costs
Grass
revegetation
costs
could
range
from
$250/hectare
for
hand
broadcasting
of
seed
With no mulch, to $3000/hectare for hydro—
seeding
and
mulch.
Tree
planting
-
seed-'
lings often available from gov't sources -
installation
$400
to
$750
per
hectare
-
many gov't
installation programs
available.
 
Operating
and
Maintenance
Costs
M
a
i
n
t
e
n
a
n
c
e
Costs
are
d
e
p
e
n
d
e
n
t
up
o
n
species
p
1
a
n
t
e
d
,
t
h
i
n
n
i
n
g
and
p
r
un
i
n
g
required.
. .
Prevnous Experience
documented.
Wide
spread
common
use.
Design
criteria
and
guidelines
easily
available
and
well
\
 
soufce
of|nformation119,
33,
107,
108,
110,
120,
126,
128,
133,
145,
237,
106-
L  
.1.
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l(eyvvords Forestry, Agriculture, Urban, Liquid Waste Disposal, Sediments, Nutrients?—
Applicable Land Use Pollutant Controlled
Forestry Liquid Waste Disposal SGdimentS
Agriculture Nutrients
Urban
Description
Where vegetation is being cleared adjacent to a watercourse, a strip of riparian
vegetation should be left along the streambank.
The wider the strip the more effective
it will be in filtering out sediment. In agricultural lands, grass buffer strips
between row crop areas and watercourses have been found very effective. Not only does
a vegetative strip filter out sediment carried in overland flow, it also reduces and
slows down overland flow that causes rilling and gullying on streambanks. Vegetative
buffer strips add to the stability of the upper zones of the bank. This is a useful
practice as cultivation up to the edge of the bank leads to a weakening of the top
of the bank and contributes to bank failure.
Advantages
Disadvantages
- economical method of reducing sediment
- often leaving a strip of vegetation may
entering the streamcourse
‘
lead to its demise due to sudden exposum
— important to aquatic life, retains water
thus this method may prove ineffective
temperatures, does not
increase BOD
unless well planned
- small areas taken out of production
 
Cost Implications
Installation.costs can range from $250/hectare for minimal tillage and manual broad—
casting of seed to $3000/hectare for hydroseeding with mulch, however, costs due to
land removed from production muSt also be considered.
'
Previous Experience
The
retention
of
vegetative
buffer
strips
around
fence
lines
and
adjacent
to
streams
and
wet
lands
occurs
naturally,
however,
the
intentional
Widening
of
these
buffer
strips is not difficult.
   A
r——_———i
   
T
i
ﬂe
Sediment
Basin
81
_
[(eyyvords
Forestry,
Transportation,
Urban,
Agriculture,
S
o
l
i
d
Waste,
Sediments-
Applicable
L
a
n
d
U
s
e
Pollutant
Controlled
Forestry
Solid
Waste
Sediments
T
r
a
n
s
p
o
r
t
a
t
i
o
n
E
X
t
r
a
c
t
i
v
e
U
r
b
é
n
L
a
k
e
s
h
o
r
e
&
R
i
v
e
r
b
a
n
k
A
g
r
i
c
u
l
t
u
r
e
E
r
o
s
i
o
n
Descﬁpﬁon
Where
sediment
laden
ditches
or
conduits
discharge
into
watercoures,
or
prior
to
dis-
charge
into
recharge
facilities,
the
reduction
of
sediment
load
is
desirable.
Storage
areas
and
flow
velocities
are
significantly
reduced
and
retention
times
sufficient
for
settling
are
the
basic
design
requirements.
Stokes
Law
for
the
settling
velocities
of
particles
in
fluids
is used
as
the
fundamental
design formula.
Sedimentation
basins
can
be
designed
to
remove
all
particles
larger
than
the
specified
design
size.
The
retention
time
and
surface
area
vary
inverselywith
the
design
particle
size.
These
facilities require maintenance and removal of debris and accumulated sediments if the
basin is to remain effective.
Advantages
Disadvantages
- a
method
suitable
for
many
structures
- not
adaptable
to
all
situations
which would certainly enhance the quality
— costs may be too great in relation to
of water entering natural streams
the project
.
- decreases turbidity and BOD — difficult and expensive to remove fine
particles in this manner.
  
Cost Implications
Varies according to depth, area, availability of materials, type of contrOl structure,
accessibility, etc. from $2000 up.
Previous Experience
In
com
mon
use
.
Des
ign
met
hod
olo
gy
wel
l d
eve
lop
ed
and
doc
ume
nte
d.
. 180 110 119,107 110,108 58,81 125,134,92,I06,190 239 237,232,207,
éource 0f|nf0rmatlon 210’.221’.231.248’,249. ’ ' ’ ’
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ﬂe
Ri
p
Ra
p
Ba
nk
Pr
ot
ec
ti
on
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Keywords Urban, Transportation, Agricultural, Shoreline Landfillingﬁediments.
 
App
lic
abl
e L
and
Use
Poll
utan
t C
ont
rol
led
Urban Lakeshore 5 Riverbank Sediments
Transportation Erosion
Agricultural Shoreline Landfilling
De
sc
ri
pt
io
n
i
Rip rap is broken angular rock which when placed in ditches and on streambanks provides
physical protection against the scouring action of flowing water and provides resist-
ance to surficial sloughing of the bank material. The rip rap rock should have a
size gradation to allow packing of the layer to minimize voids. It should be sized
to withstand the shear forces exerted by the stream velocities to which it will be
exposed.
When rip rap sizes exceed about 0.5m in diameter, it is also referred to as "armour
stone". Such large rip rap or armour stone is used extensively for shoreline protection
and shoreline landfilling as protection against wave action.
Advantages Disadvantages
— ec0nomical method of providing localized — requires sloping surface of 2H to 1V to
or lengthy protection against stream— 4H to 1V depending upon soil conditions
bank erosion and stream hydraulics
— control of undermining or loss of
structures and useable land
Capital Costs Operating and Maintenance Costs
$9.00/sq. m. to $18.00/sq. m.depending upon Periedie". replacement or iregrading of
size ofrock required, localized areas where extreme event exceeﬁ
design capability of installation.is
required.
 
Previous Experience
Widespread throughout North America.
 
L
l
Source of Information 92, 38,81,107,108,110,120,126,232, 106,
3-“- ‘ r .—_—_—————*
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—
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11ﬂe
Protection
of
Culvert
Outlet,
Chute
Outlets,
etc.
83
  
Keywords
Urban,
Transportation,
Agriculture,Sediments.
Applicable Land
Use
Pollutant Controlled
Urban,Transportation
Sediments
Agriculture
Lakeshore G Riverbank Erosion
 
Description
The velocity
of
flow
is nearly
always
speeded up
during passage through
a
culvert or
tile outlet and always when passing down a chute. A scour hole or plunge pool will
develop unless the end of the culvert or chute is protected.
Should such developy the
risk of failure of the entire structure is increased. Three basic types of protection
are suggested:
1)
Plunge Pool:
The plunge pool that is anticipated to develop can have its effect
protected against
by deepening
the head wall
of the
outlet
below the probable
”
scour depth.
Initial loss of local materials will occur and then stabilization
will result.
2)
Protected Apron of Riprap,Gabion,Concrete, etc.:
If the plunge pool is not accept—
able,
dumped rock, hand placed riprap, rock filled gabion baskets,
concrete mat,
etc. may be used to provide an erosion resistant, energy dissipating area adjacent
to the culvert or to outlets, thereby protecting the area subject to erosion with
an artificial covering.
3) Stilling Basins:
Where flow is excessive for the economic use of dumped stone or
other energy dissipaters, stilling basin can be used.
The function of a stilling
_
basin
is
similar
to
that
of
a
plunge
pool.
Advantages
Disadvantages
-
if
a
plunge
pool
forms
at
culvert
mouth,
it
may
severely
weaken
a
cuIVert
embank-
ment thus threatening its stability
—
scouring
in
a
culvert
mount
can
start
gully
erosion
which
may
gradually
extend
upstream and destroy all the lateral
support of the culvert, therefore causing
failure.
Capital Costs Operating and Maintenance Costs
The size and type of structures required Extreme runoff events may require some
5 are dependent upon the design flow, soil restoration or rep051t10n1ng of rip rap.
conditions and available areas for the
construction of the facility. Costs may
range in the order from $50 for dumped
rock in small applications to many thous—
ands of dollars for sophisticated stilling
basins for large flows.
Previous Experience
Common practice. Design methodology and criteria well established.
   
_
Source of Information
110, 107, 180, 120, 181, 81, 108, 126, 232, 92, 106.
 
 11ue Dolos (Offset assymetric tetrapods)
84
 
Ke
yw
or
ds
Sh
or
el
in
e
La
nd
fi
ll
in
g,
Se
di
me
nt
s.
Applicable Land Use
Shoreline Landfilling
 
Pollutant Controlled
Sediments
Description
Dolos are offset tetrapods
by providing a barrier against which waves break.
are designed to be placed in an interlocking manner so that they do not move
independently, but act in unison against impinging wave energy.
Dolos
out of steel or concrete.
size designed to prevent wave action from causing eroSion
The barrier may be on or offshore.
They may be constructed
Advantages
This expensive procedure is usually
undertaken on high energy shorelines
presented to open oceans, however, can be
used for lower energy shorelines by
scaling down the size of the dolos
Disadvantages
Maintenance must be carried out to ensure
broken dolos are either repaired or
replaced as broken units allow movement
that can become destructive. Large crane
equipment required for emplacement and
maintenance.
Capital Costs
$980/15 cu. m. unit.
Operating and Maintenance Costs
— periodic replacement of damaged units.
 
Previous Experience
Used in many places around the world for harbour protection in high energy wave zones.
Source of Information 233
,__________.L
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Title
Engineering,
Design
a
Management
for
Shoreline
Landfilling
85
  
|(eyvvords
S
h
o
r
e
l
i
n
e
Landfilling,
Sediments,
Chemicals,
Nutrients.
Applicable
Land
Use
Pollutant
Controlled
Shoreline
Landfilling
Sediments
Chemicals
Nutrients
J
 
Description
By
d
e
s
i
g
n
and
engineering
of
both
the
shoreline
plan
and
b
e
a
c
h
p
r
o
f
i
l
e
b
a
s
e
d
on
a
knowledge
of
s
t
o
r
m
—
a
n
e
direction
it
is
possible
to
plan
filling
operations
to
minimize
turbidity
from
eroded
fill
and
thereby
minimize
muddy
bottoms
where
undesir—
[
able.
Management
of
filling
operations
should
be
undertaken
to
place
non—contaminated,
coarse,resistant
materials
in
sensitive
locations
where
wave
action
is
expected
to
be
at
a
maximum
from
a
preceding
design
programme.
Using
this
approach
it
is
possible
to
locate
contaminated
fill
where
erosion
and
hence
dispersal
is
to
be
non—existent
or
at
a
minimum.
Filling
should
be
undertaken
in
calm
weather
when
forecasts
are
favourable.
Filling
in
designated
sensitive
areas
should
be
only
behind
protection
structures
and
headlands
with
suitable
filter
methods
to
prevent
escape
of
fine
material.
Logical
and
rational
design
and
m
a
n
a
g
e
m
e
n
t
p
r
o
b
a
b
l
y
the
best
wa
y
to
m
i
n
i
m
i
z
e
turbidity,loss
of
fill
material
and
spread
of
possible
contaminated
fill.
Advantages
Disadvantages
-
more
economy
of
fill
because
of
lOWer
-
limited
to
effectiveness
of
structures
loss
of
material
used
in
design
and
the
design
itself.
 
Cost Implications
Higher
cost
of
engineering
and
construction
management
but
should
be
offset
by
lower
maintenance and less environmental damage.
Previous Experience
Various shoreline modifications some of which are exceptionally long lasting.
This technique is now required by most appropriate regulatory agenc1es.
   
Source of Information 127
  
 Title
Re
ve
ge
ta
ti
on
of
Mi
ne
Ta
il
in
gs
:
Stablization 86
 
K
e
y
w
o
r
d
s
Ex
tr
ac
ti
ve
,
Se
di
me
nt
s.
Applicable Land Use
Extractive
 
Pollutant Controlled
Sediments
Description
36 kg/ha are placed and mixed into
were found to work well:
Intermediate Wheatgrass 17 kg/ha
Red Fescue 17 kg/ha
Alfalfa 11 kg/ha
Birdsfoot Trefoil 5.5 kg/ha
50.5 kg/ha
is established.
Mixture is applied in mulch or tack on straw.
of 3
:1 o
r le
ss.
Oppo
rtun
itie
s fo
r a
high
perc
enta
ge o
f su
cceg
fu1s
eedi
ngs
exis
t if
the
fol
low
ing
six
pri
nci
ple
s a
re
fol
low
ed:
1)
use
of
ada
pte
d p
lan
t m
ate
ria
ls
for
lan
d u
se
des
ire
d;
2)
pro
per
see
dbe
d p
rep
ara
tio
n;
3)
mul
chi
ng;
4)
pro
per
see
d p
lac
eme
nt;
5)
plan
ting
date
to c
oinc
ide
with
the
seas
on o
f hi
ghes
t pr
ecip
itat
ion
prob
abil
ity
unle
ss
to
be
irr
iga
ted
; a
nd
6)
pro
per
man
age
men
t d
uri
ng
est
abl
ish
men
t a
nd
aft
er
a s
tan
d
Vari
ous
seed
dens
itie
s a
nd p
lant
type
s a
re a
ppli
ed t
o va
riou
s s
lope
s on
a ta
ilin
gs
dum
p a
t E
rie
Min
e C
omp
any
in
the
Mes
abi
Iro
n R
ang
e.
8.4
wit
h
suf
fic
ien
t
pot
ash
to
sus
tai
n g
row
th.
the top 1.5 to 2 cm
time
s we
re f
ound
to b
e im
port
ant
with
opti
mum
resu
lts
in M
ay a
nd O
ctob
er.
_ The tailings are basic pH 7.4 —
Nitrogen 60 kg/ha and phosphorus
of the tailings. Seeding
Two mixtures
Smooth Brome 22.5 kg/ha
Perennial Rye Grass 5.5 kg/ha
Alfalfa 5.5 ka/ha
Birdsfoot Trefoil 11 k /ha
44.5 ka/ha
Mulch should be a hay mulch on slopes
Advantages
The procedure is useful in controlling
Slope GpH have to be considered in design-
ing the mixture. Maintenance is .eSSential
for first 3—4 years otherwise causes large
scars and sediment discharges.Returns a
scarred landscape to aesthetic greenery
again. Frequent use is made by wildlife
deer,rabbit, fox and birds.
erosion & therefore sediment loss to stream"
Disadvantages
— slope limitations
— may require4 pH adjustment
- may introduce toxic elements into
food chain
— a partial management practice only.
Capital Costs
$2000 to $3000 per ha.
cost for lime addition if low pH is
encountered.
 
Operating and Maintenance Costs
- cutting of grass
— fertilizing until well established
Previous Experience
Sudbury, Elliot Lake.
 
Source of Information
Many mining companies have some experience with revegetation.
197, 198, 38, 145, 200.
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Tiﬂe
Slope
Lowering
of
Spoil
and
Tailings
Stockpiles
37
K
e
y
w
o
r
d
s
E
x
t
r
a
c
t
i
v
e
,
S
e
d
i
m
e
n
t
s
.
Applicable
Land
Use
Pollutant
Controlled
Extractive
Sediments
Description
Normally
stockpiles
of
spdil
are
made
high
with
slopes
approaching
the
angle
of
repose
of the material.
Lowering
of
Slopes
has
several
advantages:
1)
Increases
the
stability
to
prevent
gross
movements
of
soil
2)
Decreases
the
susceptibility
of
the
soil
to
particulate
erosion
3)
A
further
bonus
is
the
rapidity
of
vegetative
growth
with
a
minimum
of
maintenance
because
of
sheet
wash
and
gullying.
Slopes
in
excess
of 3:1 have
been
found
difficult
to work
and
maintain while
slopes
of
5:1 are considered ideal for controlled runoff and vegetative rehabilitation.
Often
10w
slopes
can
be
achieved
by
planning
in
the
final
design.
Advantages
Disadvantages
— low runoff and siltation
— extra cost incurred from grading
- aesthetic improvement - larger land area required
Capital Costs Operating and Maintenance Costs
Unit Costs: $0.18 to $1.15/cu.m. with a
mean of $0.48 for spoils moving
Grading Costs: $530—$5000/ha with a mean of
$2150/ha
 
Previous
E
xp
e
r
i
e
n
c
e
.
.
.
Many examples in United States and Ontario for treatment of old tailings stockpiles.
Most new tailings stockpiles are included in a restoration plan.
   
_ Source of Information 197, 200, 196, 38, 145.
A .
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Title
 
Pa
ck
ag
e
Se
wa
ge
Tr
ea
tm
en
t
Pl
an
ts
(M
ul
ti
-F
am
il
y
Us
e)
K
e
y
w
o
r
d
s
Ur
ba
n,
Ag
ri
cu
lt
ur
al
,
Re
cr
ea
ti
on
al
,
Nu
tr
ie
nt
s,
Ch
em
ic
al
s,
Se
di
me
nt
s,
 
Ap
pl
ic
ab
le
La
nd
Us
e
Po
ll
ut
an
t
Co
nt
ro
ll
ed
Ur
ba
n
Nu
tr
ie
nt
s
Ag
ri
cu
lt
ur
al
Ch
em
ic
al
s
Re
cr
ea
ti
on
al
Se
di
me
nt
s
Description
The
se
uni
ts
pro
vid
e w
ast
e w
ate
r t
rea
tme
nt
typ
ica
lly
thr
oug
h a
n e
xte
nde
d a
era
tio
n p
roc
ess
to
se
rv
e
a
sm
al
l
nu
mb
er
of
ho
us
in
g
un
it
s
or
a
li
ve
st
oc
k
op
er
at
io
n
wh
ic
h
ca
nn
ot
fe
as
ib
ly
—
be
ser
ved
by
mun
ici
pal
sew
ers
due
to
iso
lat
ion
,
eco
nom
ics
of
sca
le,
or
pha
sin
g
of
dev
el-
Op
me
nt
.
Th
is
is
a
se
wa
ge
tr
ea
tm
en
t
me
th
od
fo
r
re
si
de
nt
s
or
op
er
at
io
ns
in
lo
ca
ti
on
s
th
at
re
qu
ir
e
hi
gh
ef
fl
ue
nt
qu
al
it
y.
It
ca
n
al
so
be
us
ed
to
se
rv
e
in
du
st
ri
al
an
d
co
m-
mer
cia
l u
ses
or
res
ide
nti
al
sub
div
isi
ons
tem
por
ari
ly
unt
il
suc
h t
ime
whe
n p
ubl
ic
sew
er
con
nec
tio
ns
may
be
mad
e.
Eff
lue
nt
is
sui
tab
le
for
fie
ld
dis
pos
al
or
for
str
eam
dis
—
cha
rge
in
som
e c
ase
s w
her
e t
he
ass
imi
lat
ion
cap
aci
ty
is
suf
fic
ien
t.
The
pac
kag
e p
lant
s
are
usu
all
y
mad
e
of
a
fiv
e p
art
sys
tem
;
bar
scr
een
s;
gri
t
cha
mbe
r;
aer
ati
on
tan
k;
set
tli
ng
tan
k;
and
chl
ori
ne
con
tac
t c
ham
ber
.
Pac
kag
e p
lan
t
(fa
cto
ry
bui
lt)
sys
tem
s a
re
typ
ica
lly
in
the
fiv
e
to
one
hun
dre
d
uni
t
cap
aci
ty,
but
the
re
are
pla
nts
on
the
mar
ket
to
ser
ve
a p
opu
lat
ion
of
up
to
10,
000
per
son
s
in
sma
ll
com
mun
iti
es,
res
ort
s,
lar
ge
sub
-
div
isi
ons
and
oth
er
dev
elo
pme
nts
.
The
se
uni
ts
are
pre
fab
ric
ate
d f
or
fie
ld
ass
emb
ly
by
a skilled crew.
Disadvantages
'— more expensive per unit than municipal
Advantages
—
th
e
ex
te
nd
ed
ae
ra
ti
on
pr
oc
es
s
el
im
in
at
es
th
e
ne
ed
fo
r
a p
ri
ma
ry
se
tt
li
ng
ta
nk
an
d
digester required in the conventional
activated sludge process
— extremely flexible to local conditions
- may release urban development of an area
from restraint of municipal sewer
treatment when central seWer system is
feasible
— regular skilled maintenance often not
ca
rr
ie
d
ou
t
re
su
lt
in
g
in
fa
il
ur
e
an
d
sub
-
sequent pollution
— local authorities hesitant to issue per-
ext
ens
ion
.
mit
s f
or
pac
kag
e t
rea
tme
nt
pla
nts
Op
er
at
in
g
an
d
Ma
in
te
na
nc
e
Co
st
s
$0.12 to $0.18 per 1000 litres treated
Capital Costs
$1,000 to $1,500 per family unit served
excluding sewer costs.
$0.40 to $0.65 per litre per day capacity.
  
Previous Experience
Wi
de
ly
us
ed
in
On
ta
ri
o
an
d
Un
it
ed
St
at
es
.
from several suppliers.
Ma
ny
ty
pe
s
of
eq
ui
pm
en
t/
pl
an
ts
av
ai
la
bl
e
’4‘
S
o
u
r
c
e
of
I
n
f
o
r
m
a
t
i
o
n
53
,
92
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Title
W
a
s
t
e
E
x
c
h
a
n
g
e
f
o
r
R
e
s
o
u
r
c
e
R
e
c
o
v
e
r
y
8
9
K
e
y
w
o
r
d
s
Solid
Waste,
Chemicals.
Applicable Land Use
 
Pollutant Controlled
S
o
l
i
d
W
a
s
t
e
C
h
e
m
i
c
a
l
s
 
Description
A coordinating body which actively promotes cooperation between and among industries
who can accept and utilize waste materials. The body can act merely as a catalyst
or an information exchange to alert industries of potential markets for waste residue
or it can also be a materials handling body (a clearing house) which actually transfers
waste materials from the producer to the consumer.
Advantages
Disadvantages
— may prove invaluable as source of raw — requires extensive public relations work
materials for industries while solving to be established and continual updating
waste disposal problems for others of information required
— reduction of industrial solid wastes,
less land required for disposal
— reduction in use of virgin materials
 
Cost Implications
Dep
end
ent
on
typ
e
ofm
ana
gem
ent
setu
p.
Cos
ts
are
min
or
for
inf
orm
ati
on
exc
han
ge
onl
y
and
thi
s t
ype
of
set
up
pos
sib
ly
req
uir
es
one
ful
lti
me
tec
hni
cal
adv
iso
r a
nd
sev
era
l
par
tti
me
sec
ret
ari
es.
If
the
set
up
is
a c
lea
rin
g
hou
se
typ
e,
thi
s
wou
ld
req
uir
e
warehouse, equipmet, etc.
Fo
r
in
fo
rm
at
io
n
on
ly
ty
pe
ex
ch
an
ge
:
-
$6
1,
00
0
to
$8
3,
50
0
fi
rs
t
ye
ar
$44,500 to $53,000 second and subsequent years
Previous Experience
St
.
Lo
ui
s,
Eu
ro
pe
an
d
Gr
ea
t
Br
it
ai
n
Pi
lo
t
pr
oj
ec
t
to
be
un
de
rt
ak
en
by
Ca
na
di
an
Go
ve
rn
me
nt
.
Fe
as
ib
il
it
y
St
ud
y
un
de
rt
ak
en
in
On
ta
ri
o.
Source of Information 179
_    
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l
90
 
l(e
yvv
ord
s
Sol
id
Was
te
Dis
pos
al,
Sed
hne
nts
,Ch
emi
cal
s,
Nut
rie
nts
.
  
Ap
pl
ic
ab
le
La
nd
Us
e
Pol
lut
ant
Co
nt
ro
ll
ed
Sol
id
Was
te
Dis
pos
al
Sed
ime
nts
Chemicals
Nutrients
Description
Thi
s t
ech
niq
ue
is
und
erl
ine
d b
y t
he
pri
nci
ple
tha
t w
ate
r f
low
thr
oug
h a
san
ita
ry
lan
d-
fil
l s
ite
sho
uld
be
min
imi
zed
in
ord
er
to
min
imi
ze
the
pro
duc
tio
n o
f u
nde
sir
abl
e
lea
cha
tes
and
gas
.
Hea
d
gra
die
nt
thr
oug
h
a
lan
dfi
ll
can
be
con
tro
lle
d
to
an
ext
ent
by
the
con
str
uct
ion
of
som
e o
r a
ll
of
the
fol
low
ing
:
tig
ht
ear
th
dam
bet
wee
n r
efu
se
and
wat
er;
int
erc
ept
all
sur
fac
e a
nd
gro
und
wat
er
bef
ore
it
rea
che
s f
ill
are
a;
equ
ali
ze
and
mai
nta
in
wat
er
lev
el
on
all
sid
es
of
the
fil
l;
com
pac
t r
efu
se
and
cov
er
wit
h
imp
erm
eab
le
mat
eri
al
wit
h g
as
ven
ts
ins
tal
led
; s
eed
cov
er
mat
eri
al
wit
h h
igh
tra
ns—
piration crops.
Adv
ant
age
s
Dis
adv
ant
age
s
- p
rot
ect
ion
of
aqu
ife
r
- m
ay
sti
ll
req
uir
e l
eac
hat
e t
rea
tme
nt
- reduces soil erosion
 
Cost Implications
Site specific. Dependent on location, soil conditions, rainfall, types of wastes
landfilled and operational characteristics. Gravity interception drains are usually
more economic than dewatering wells but both are very geology dependent.
Previous Experience
Several installations in Canada and the United States.
Source of Information 267 ii
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T
i
d
e
B
i
o
l
o
g
i
c
a
l
T
r
e
a
t
m
e
n
t
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|(eyvvords
Solid
Waste
Disposal,
Sediments,
Chemicals,
Nutrients.
 
Applicable
Land
Use
Pollutant
Controlled
Solid
Waste
Disposal
Sedimentq
Chemivuls
Nutrients
Description
Laboratory
demonstration
to
show
feasibility
of
adding
landfill
leachate
(5%
of
flow)
to
domestic
wastewater
for
treatment
using
activated
sludge.
Glass,
cans,
metals,
bottles,
stones,
wood,
plastics,
plastic
coated
papers
removed
from
mixed
refuse
prior
to
saturation
and
bleeding
of
leachate.
Leachate
mixed
with
domestic
wastewater
and
various
parameters
monitored.
Poor
solid—liquid
separation
occurred
at
times
and
prime
nutrients
necessary
for
biological
treatment
were
found
to
be
missing.
The
demonstration
showed
limited
treatability
of
landfill
leachates
in
activated
sludge
plants,
but
requires
further
studies
on
solid—liquid
separation,
nutrient
addition,
and
optimum
sewage—leachate
mixing
ratio.
Advantages
Disadvantages
—
able
to
utilize
municipal
systems
—
experimental
Cost Implications
Where suitable municipal system is available, leachate treatment costs likely to be more
economical than construction of on site treatment facilities. Costs are municipally
dependent upon particular treatment facilities and effluent standards required.
Previous Experience
Lycoming County, Penn. tried aerated lagoons.
Toronto, Ontario
Region of Peel, Ontario
  
Sou
rce
of I
nfo
rma
tio
n
76,
45.
a
 
 Title
Str
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ban
k P
rot
ect
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wit
h V
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tat
ion
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Keywords
Urban, Agriculture, Erosion, Sediments.
Applicable Land Use
Pollutant Controlled
  
Urb
an
Lak
esh
ore
& R
ive
rba
nk
Sed
ime
nts
Agriculture Erosion
Description
This
tech
niqu
e ma
y be
used
to s
tabi
lize
bank
s in
swal
es,
cree
ks,
stre
ams
and
rive
rs
as we
ll a
s man
—made
ditch
es,
canal
s, i
mpoun
dment
s, i
nclud
ing p
onds
and
stora
ge ba
sins.
Streambanks may be divided into four zones:
aquatic plant zone at the mean low water
level
; re
ed ba
nk z
ones
cover
ed at
peak
flow
stage
; lo
wer r
ipari
an zo
nes o
r op
en fl
ood-
way zones naturally covered with willows and shrubbery plants; upper riparian or flood
fringe areas that would naturally be covered with canopy forming trees.
Aquat
ic pl
ants
are o
ften
consi
dered
weeds
and a
nuisa
nce
thoug
h th
ey do
slow
down
stream flows and protect the stream bed.
obstacle slowing down current waves by friction.
reed, reed grass and bulrush.
of willow, alder, buttonbush, small maples, sweet gum, etc.
can
be r
eint
rodu
ced
on d
enud
ed f
lood
plai
ns t
o st
abil
ize
soil
with
root
s.
The reed bank zone forms a permeable
Suitable plantsare the common
The lower riparian zone usually has a natural growth
These vegetative types
In peridds
of hi
gh wa
ter
their
upper
branc
hes
reduc
e the
veloc
ity
and e
rosiv
e fo
rce o
f the
water
.
Will
ows
are
the
most
comm
only
rein
trod
uced
and
read
ily
avai
labl
e fo
r th
is u
se.
The
upper riparian zone is rarely flooded.
indigenous to the area.
Wood in this zone can include most species
A h
igh
deg
ree
of
sta
bil
iza
tio
n i
s p
oss
ibl
e i
n a
rea
s o
f l
ow
vel
oci
ty
flow
.
Advantages
- stream bank vegetation can break wave
action and the velocity of flood flows
— roots and rhizomes stabilize streambanks
— reduction of velocity can lead to deposit
of water borne soil particles
— certain reeds and bulrushes
ability of improving water quality by
absorbing certain pollutants such as
Disadvantages
- general reluctance of engineers to use
natural material
- native plants are not carried by regular
nurseries and often have to be obtained
by hand or from special nurseries
— flow retardent aspects of vegetative V
waterways need to be taken into account
have cap-
heavy metals, detergents, phenols and idols.
Capital Costs
Dependent on types of vegetation.
May range from $150/ha to $500/ha.
Operating and Maintenance Costs
- should only require minor restoration
after extreme runoff events.
 
Previous Experience
Common practice throughout Great Lakes Basin.
available.
Source of Information
Criteria and plant material widely
191, 107, 180, 120, 110,38,87,108,126,221,239,237,232,92.
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Tiue
Grass
Channels
or
Waterways
93
l(eyvvords
leran, Transportation, Agriculture, Nutrients, Erosion, Sediments.
.
Applicable
Land
Use
Pollutant Controlled
Urban
.
Lakeshore
&
Riverbank
Sediments
Transportation
Erosion
Nutrients
Agriculture
Description
For
velocities
up
to
2.5
m
per
second
for
favourable
soil
conditions,
runoff
can
be
handled
by
grass
channels
if
correctly
graded
and
stablized.
They may be used on
any
site
where
flow
velocities
make
the
use
of
grass
swales
feasible
based
upon
the
hydraulic gradient.
On highly
erodable
soils
a
lower design velocity must
be
used.
Grass
waterways
may
be
built
in
parabolic
trapezoidal,
or
V-shaped
cross—sections.
Parabolic
cross—sections
are
most
commonly
found
in
nature
and
have
proven
most
satisfactory.
bolic shape.
ed by mechanical means.
Waterways constructed of trapezoidal
Side
slopes
should not
exceed
3 to
1 to enable
the
channel
to be maintain—
A well developed design methodology should be used to match
sections tend to revert to a para—
the permissible velocity with the soil conditions and the grass variety that is to be
used.
Properly designed grass channels or waterways will provide a high degree of erosion
control however, the period of innundation must not exceed tolerance of grasses used.
Advantages
— grass lined channels are cheaper than
those lined with concrete or stabilized
by a bio—technical measure
— grass will delay runoff and considerably
reduce energy and consequently erosive
capacity of runoff
- grass channels are visually more accept-
able than those lined with other materials
— vegetative waterway allows infiltration
thereby reducing runoff
Disadvantages
— very careful design and good maintenance
program are necessary if channels with
grass are to be effective without gully
erosion
— installation of new impermeable surfaces
in the channel drainage area may increase
runoff velocity and exceed capacity of
channel
Capital Costs
In place the cost of sod and channel
lining is about $1.20/sq.m. Cost per hect—
are for seeding is around $2000, not in—
cluding top soil but including fertilizat-
ion. Wood and straw mulch about 18¢/sq.m.
Seed, fertilizer and jute mesh costs about
60¢/sq.m.
Operating and Maintenance Costs
Careful maintenance can increase the
capacity of grassed waterways. A yearly
dressing of the proper fertilizer at
about 5¢/sq.m. should be given to all
grassed channels and they should be mowed
regularly to encourage a tight sod.
Previous Experience
Common practice. Design methodologies and criteria well developed and documented.
Source of Information 232’ 120’ 110’
119, 181,38,87,107,108,126,207,221,239,92,177.
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Ke
yv
vo
rd
s
Ag
ri
cu
lt
ur
e,
Ur
ba
n,
Tr
an
sp
or
ta
ti
on
,
Fo
re
st
ry
,
Se
di
me
nt
s,
Nu
tr
ie
nt
s,
Er
os
io
n.
 
Ap
pl
ic
ab
le
La
nd
Us
e
Po
ll
ut
an
t
Co
nt
ro
ll
ed
Ag
ri
cu
lt
ur
e
Fo
re
st
ry
Se
di
me
nt
s
Urban Lakeshore 6 River— Nutrients
Tr
an
sp
or
ta
ti
on
ba
nk
ET
OS
iO
H
Description
Th
e
pu
rp
os
e
of
a p
er
ma
ne
nt
di
ve
rs
io
n
is
to
di
re
ct
ru
no
ff
fr
om
ar
ea
s
wh
er
e
it
co
ul
d
cau
se
ero
sio
n
to
are
as
whe
re
it
can
be
dis
pos
ed
of
saf
ely
.
Thi
s m
eas
ure
is
app
lic
abl
e
to
an
y
si
te
wh
er
e
th
er
e
is
an
er
os
io
n
ha
za
rd
cr
ea
te
d
by
a
co
nc
en
tr
at
io
n
of
ru
no
ff
fl
ow
—
ing
ove
r a
n u
npr
ote
cte
d a
rea
.
The
sit
uat
ion
is
mos
t l
ike
ly
to
occ
ur
on
hig
hly
ero
dab
le
soi
ls
on
sit
es
wit
h
a h
igh
prO
pon
tio
n
of
ste
ep
slo
pes
.
Rec
ent
ly
con
str
uct
ed
fil
l
slo
pes
are
mos
t
sus
cep
tib
le
to
dam
age
in
thi
s
man
ner
.
Per
man
ent
div
ers
ion
s
are
gen
era
lly
of
three types:
1)
Div
ers
ion
Cha
nne
l
— C
ons
ist
s
of
a c
han
nel
and
a r
idg
e
acr
oss
a s
lop
ing
lan
d
sur
fac
e
whi
ch
con
vey
s
wat
er
lat
era
lly
at
a s
low
vel
oci
ty
and
dis
cha
rge
s
it
int
o
a p
rot
ect
ed
area or outlet channel.
2)
Div
ers
ion
Ber
m —
A w
ell
com
pac
ted
ear
th
fil
l r
idg
e
ins
tal
led
at
the
top
of
the
slo
pe
or
at
to
p
of
st
ee
p
sl
op
es
to
di
ve
rt
st
or
m
ru
no
ff
fr
om
th
es
e
cr
it
ic
al
ar
ea
s.
Fo
r
pe
rm
an
en
t
in
st
al
la
ti
on
s
a
di
ve
rs
io
n
ch
an
ne
l
is
mo
re
co
mm
on
.
3)
Ben
ch
Ter
rac
es:
Rel
ati
Vel
y
fla
t
are
as
on
slo
pin
g
lan
d
con
str
uct
ed
alo
ng
the
c0n
tou
r
the
y
can
oft
en
be
des
ign
ed
for
wid
th
to
all
ow
for
con
str
uct
ion
of
roa
ds
or
dwe
lli
ng
uni
ts
fol
low
ing
nat
ura
l c
ont
our
or
for
cro
ppi
ng
pur
pos
es.
In
pra
cti
ce
the
re
wil
l
no
rm
al
ly
be
a d
iv
er
si
on
ch
an
ne
l
at
th
e
lo
we
st
po
in
t
of
a
be
nc
h
te
rr
ac
e
wh
ic
h
ma
y
be
co
ns
tr
uc
te
d
wi
th
a
na
tu
ra
l
or
re
Ve
rs
e
fa
ll
.
Adv
ant
age
s
Dis
adv
ant
age
s
— i
ncr
eas
ed
ove
rla
nd
flo
w d
ist
anc
e i
n
- w
ate
r s
eep
s i
nto
div
ers
ion
and
slo
ugh
ing
div
ers
ion
cha
nne
ls
may
sig
nif
ica
ntl
y i
n—
may
occ
ur
on
uns
tab
le
soi
l
cre
ase
tim
e
of
con
cen
tra
tio
n
of
run
off
-
if
slo
pe
is
too
ste
ep,
con
str
uct
ion
of
fro
m a
dra
ina
ge
are
a
diV
ers
ion
may
cau
se
ero
sio
n
— t
his
may
red
uce
pea
kin
g o
f r
uno
ff
all
owi
ng
— r
egu
lar
mai
nte
nan
ce
of
cha
nne
l v
ege
tat
ion
sma
lle
r c
ulv
ert
s,
etc.
to
be
ins
tal
led
is
req
uir
ed
— i
n m
any
sub
div
isi
ons
, d
ive
rsi
ons
may
be
- w
her
e d
rai
nag
e a
rea
is
ste
ep
or
und
erg
o-
inc
orp
ora
ted
int
o t
he
ped
est
ria
n o
pen
ing
con
str
uct
ion
,
cha
nne
l m
ay
act
as
a
spa
ce
sys
tem
sed
ime
nt
tra
p
Cap
ita
l C
ost
s
Ope
rat
ing
and
Mai
nte
nan
ce
Cos
ts
Var
ies
wit
h
typ
e.
Ran
ges
fro
m $
21.
00/
m.
— m
owi
ng
is
req
uir
ed
for
we
ed
con
tro
l
to
$50
.00
/m.
- p
eri
odi
c r
emo
val
of
acc
umu
lat
ed
sed
ime
nts
that may affect hydraulic capacity.
 
Previous Experience
Com
mon
pra
cti
ce.
Des
ign
met
hod
olo
gy
and
cri
ter
ia
wel
l e
sta
bli
she
d a
nd
doc
ume
nte
d.
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Title
B
a
n
k
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r
o
t
e
c
t
i
o
n
b
y
J
e
t
t
i
e
s
,
D
e
f
l
e
c
t
o
r
s
9
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Keywords
Agriculture,
Transportation,
Urban,
Shoreline
Landfilling,
Sediments,Erosion
Applicable Land Use
 
Pollutant Controlled
A
g
r
i
c
u
l
t
u
r
e
L
a
k
e
s
h
o
r
e
G
R
i
v
e
r
b
a
n
k
S
e
d
i
m
e
n
t
s
Transportation
Erosion
U
r
b
a
n
S
h
o
r
e
l
i
n
e
L
a
n
d
f
i
l
l
i
n
g
Description
Jetties
and
deflectors
are
structures
placed
in
watercourses
or
on
lakeshores
at
an
obstructive
angle
to
normal
flow
or
current
thereby
guiding
flow
direction
to
a
less
A
jetty-deflector
can
deflect
current
or
flow
of
sediments
that
can
then
restablize.
and
c
h
e
c
k
dams,
drop
structures
and
falls
are
us
e
d
v
u
l
n
e
r
a
b
l
e
or
more
desirable
location.
f
r
o
m
an
e
r
o
d
i
n
g
bank
and
cause
a
buildup
the
stream
to
dissipate
excess
energy.
reduce
the
erosive
nature
of
a
watercourse.
where
the
stream
cannot
safely
compensate
for
b
e
d
s
c
o
ur
i
n
g
or
by
scouring
the
inside
of
the
It
is
often
used
in
conjunction
with
jetties
to
Weirs
to reduce the effective gradient of
These
techniques
should
not
be
used
on
sites
restrictions
in
channel
width
either
by
bend.
Advantages
— water
falls
dissipate
excess
energy
which
results from straightening of a channel
and can reduce need for channel lining
— area of still water created by falls
often increase recreational value
- deflectors and jetties cause areas of
relatively still water where sediment
loads are precipitated
- sediments deposited, help to stabilize
hapk'
Disadvantages
-
areas
of
still
water
created
by
check
dams
cause
stream
to
drop
its
sediment
load
and
may
result
in
siltation
of
the
channel upstream from the fall
—
deflectors
will
considerably
restrict
channel
capacity
and
should
only
be
used
where
the
stream's
natural
tendency
to
compensate
for
this
by
scouring
the
bed
or
opposite
bank
will
not
cause
nrnklnmc
r av u.
  
Capital Costs
$9.00 to $18.00 per sq.m.
Operating
and
Maintenance
Costs
—
periodic
replacement
of
damaged
materials.
E
Previous Experience
Design methodology and criteria well developed and documented.
major United States rivers, some Ontario rivers,
and a few examples on Great Lakes
Shoreline.
Extensive works on some
Source of Information 233, 110, 38, 120, 126, 92.
‘
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 Title
Red
uct
ion
and
Eli
min
ati
on
of
Hig
hwa
y D
eic
ing
Sal
ts
 
96
Keywords Urban, Transportation, Chemical.
Applicable Land Use
Urban
Transportation
 
Pollutant Controlled
Chemical
Description
Deic
ing
salt
s ar
e a
seri
ous
poll
utan
t c
ausi
ng d
ange
r to
vege
tati
on,
grou
nd a
nd s
urfa
ce
Effective alternatives to calcium chloride and
water and serious corrosion to metal.
sodi
um c
hlor
ide
do n
ot e
xist
or e
lse
are
not
publ
icly
acce
pted
.
abra
sive
s a
lone
is n
ot a
ccep
tabl
e an
d re
sult
s i
n gr
eat
expe
nse
of c
lean
ing
curb
s a
nd
Polyurethane tire chains which are quiet and don't damage road surfaces
Other chemicals used as additives to salts also pollute.
catchbasins.
may be a future alternative.
Sodi
um f
erro
cyan
ide
deco
mpos
es b
y ph
otoc
hemi
cal
acti
on t
o fo
rm c
yani
de.
Some agencies propose enclosure of all stock—
drainage around stockpiles is important.
piles.
Red
uct
ion
of
sal
t p
oll
uti
on
can
be
eff
ect
ed
by
a)
inf
orm
ing
ope
rat
ors
of
pro
per
tec
h-
niqu
es;b
) e
stab
lish
ing
guid
elin
es f
or a
ppli
cati
on r
ates
and
opti
mum
mixe
s;c)
main
tain
ing
spre
adin
g eq
uipm
ent
itse
lf i
n fi
rst
clas
s co
ndit
ion
to e
nsur
e ev
en s
prea
ding
; d)
mod-
ific
atio
ns t
o sp
read
ing
equi
pmen
t to
impr
ove
effe
ctiv
enes
s o
f ap
plic
atio
n;
salt
in a
fair
ly c
once
ntra
ted
stri
p on
e to
thre
e fe
et w
ide
on t
he m
iddl
e on
e th
ird
of
the
pave
ment
duri
ng
stor
ms;
f) i
f ch
emic
als
are
spre
ad b
efor
e a
stor
m ap
ply
even
ly o
ver
the
whol
e ar
ea;
g) n
ew t
echn
ique
s su
ch a
s pr
e-st
orm
appl
icat
ion
of b
rine
solu
tion
follo
wed b
y th
e use
of hi
gh sp
eed s
now b
lower
s sh
ould
be i
nvest
igate
d; h)
cauti
ous
appli
catio
ns i
n sig
nific
ant r
echar
ge ar
eas;
i) li
mitin
g app
licat
ion
to cr
itica
l st
eep
Most corrosion inhibitors, such as sodium chromate or
sod
ium
hex
ame
tap
hos
pha
te
sig
nif
ica
ntl
y i
ncr
eas
e c
ost
and
fur
the
r d
egr
ade
run
off
qua
lit
y.
slope and in intersections.
The use of
Control of
e) app lying
Advantages (of limiting deicing salts)
- chloride ions move rapidly in soil & may
pollute ground water G surface water
— chlorides cause serious corrosion to
automobiles, highway.structures etc
— salt may damage roadside vegetation due
to excessive chloride concentration
Disadvantages
— use of deicing salts results from demand
for "bare pavement“ in periods of snow
— policy is based on safety arguments, like
stopping distances for icy roads is
145 meters; 55 metres for sanded G 20
meters for salted, bare but wet roads.
— delays due to snow storms may be costly.
annual loss of an extra hour of time may
result in millions of dollars of produiiv"‘
— effective deic1ng is important
Capital Costs
Reduction in amount ofspreading equipment
required but probable increase in damages
due to accidents.
 
Operating and Maintenance Costs
- decrease in Operating and Management cosu
proportional to reduction in amount
applied.
Previous Experience
Application rates are usually locally determined depending upon specific traffic in-
Ontario Ministry of Transportation and Communications
They also have programs to enclose all salt stockpiles.
tensity and accident frequency.
has done research in this area.
 
Source of Information
98, HRB Report, 134,
 
140. 196. 183. 207. 248. 92.
 
 ?-——-»—
 
l
l
ﬂ
e
Septic
T
a
n
k
/
T
i
l
e
Bed
Sewage
Disposal
97
 
Keyyvords
Urban,
Agriculture,
Recreation—Sewage
Discharges,
Nutrients,
Applicable
Land
Use
Pollutant
Controlled
Urban
Agriculture
R
e
c
r
e
a
t
i
o
n
-
Sewage
D
i
s
c
h
a
r
g
e
s
Nutrients
 
Description
Domestic
sewage
which
carries
nutrients
can
be
effectively
treated
and
disposed
by
the
septic
tank/tile
bed
system
for
low
density
urban,
recreation
and
agricultural
land
uses.
Sewage
enters
a
one
or
two
compartment
tank
where
anaerobic
biological
activity
degrades
waste
and
traps
both
solids
and
grease.
The
still
highly
contamin—
ated
but
solids—free
effluent
is
sent
to
a
tile
bed
for
aerobic
treatment
in
the
soil
and
ultimate
disposal
by
infiltration
and
evapo-transpiration.
Nutrients
are
generally
contained
by
the
soil.
They
have
been
used
for
larger
establishments
like
sthools
and
shopping centres.
Advantages
Disadvantages
— reliable, low maintenance, simple
— adaptable to many soil conditions
and topographies up to 25% slope.
— limited to porous soils, not good with
shallow soil or high water table
— very granular soils do not retain
phosphorus
— careful design required for poorly
drained soils.
 
Cost Implications
Maintenance requirements include periodic pumping out of sludge and scum accumulations
on a frequency of 5 to 10 years depending on the severity of use, products used in
the home, care of disposal of insoluble materials and grease.
Pumpout cost $25 — $50.
Previous Experience
Common use throughout the suburban and rural areas of the Great Lakes Basin. Design
methodology and criteria well developed and documented.
  
Source of Information 77, 140.
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Ke
yw
or
ds
Ur
ba
n,
Tr
an
sp
or
ta
ti
on
,
Se
di
me
nt
s,
Nu
tr
ie
nt
s.
App
lic
abl
e L
and
Use
Poll
utan
t C
ont
rol
led
Ur
ba
n
Se
di
me
nt
s
Tr
an
sp
or
ta
ti
on
Nu
tr
ie
nt
s.
Description
1.
Di
sc
ha
rg
e
of
Ro
of
Do
wn
sp
ou
ts
to
Gr
as
se
d
Ar
ea
s.
Co
mm
on
pr
ac
ti
ce
in
ur
ba
n
ar
ea
s
is
to
co
nn
ec
t
ro
of
do
wn
sp
ou
ts
di
re
ct
ly
to
st
or
m
se
we
rs
.
Th
is
re
su
lt
s
in
le
ss
wat
er
ava
ila
ble
for
inf
ilt
rat
ion
and
cau
ses
fas
ter
ove
ral
l
run
off
the
ref
ore
,
inc
rea
sin
g
run
off
pea
k
flo
ws.
Dis
cha
rge
to
gra
sse
d
are
as
slo
ws
the
sto
rm
wat
er
run
off
and
inc
rea
ses
the
por
tio
n o
f
rai
nfa
ll
los
t
to
inf
ilt
rat
ion
.
Fo
un
da
ti
on
Dr
ai
n
Di
sc
ha
rg
e
to
Gr
as
se
d
Ar
ea
s.
Th
is
pr
ac
ti
ce
el
im
in
at
es
th
e
ha
za
rd
to
ba
se
me
nt
s
du
e
to
su
rc
ha
rg
in
g
of
st
or
m
se
we
rs
an
d
al
lo
ws
mo
re
co
ns
tr
ic
ti
ve
si
zi
ng
of
th
e
st
or
m
sy
st
em
wh
ic
h
wo
ul
d
te
nd
to
re
du
ce
th
e
pe
ak
st
or
m
ru
no
ff
fl
ow
s.
Use
of
Ope
n
Dit
che
s
— A
s
an
alt
ern
ati
ve
to
clo
sed
sew
ers
to
pro
vid
e
sto
rm
dra
ina
ge
to
de
ve
lo
pe
d
ar
ea
s,
us
e
of
op
en
di
tc
he
s
wo
ul
d
re
du
ce
ru
no
ff
ve
lo
ci
ti
es
an
d
he
nc
e
sto
rm
run
off
pea
ks.
Ope
n
dit
che
s
wou
ld
als
o
be
ben
efi
cia
l
in
rem
ovi
ng
sed
ime
nts
and
oth
er
mat
eri
als
was
hed
fro
m t
he
str
eet
s.
Thi
s
tec
hni
que
of
sto
rm
dra
ina
ge
is
sig
nif
ica
ntl
y
les
s
exp
ens
ive
tha
n
a p
ipe
d s
yst
em
but
req
uir
es
mor
e m
ain
ten
anc
e
and
in
som
e c
ase
s i
s a
est
het
ica
lly
les
s p
lea
sin
g.
Red
uct
ion
of
Pav
eme
nt
Wid
th
- I
n
res
ide
nti
al
are
as,
it
is
com
mon
pra
cti
ce
to
pro
vid
e
ext
ra
pav
eme
nt
wid
th
for
par
kin
g p
urp
ose
s.
The
tra
nsf
era
l
of
thi
s
par
kin
g
are
a t
o
gra
vel
led
dri
vew
ays
on
eac
h
lot
and
the
red
uct
ion
in
the
imp
erv
iou
s
pav
eme
nt
are
as
wil
l
ten
d
to
red
uce
tot
al
run
off
,
are
as
of
pol
lut
ion
acc
umu
lat
ion
and
the
pea
k
flows of the runoff.
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Keywords
Agriculture,
Sediments,
Nutrients.
Applicable Land Use
Pollutant Controlled
Agriculture
Sediments
Nutrients.
 
Description
When
livestock
are
allowed
direct
access
to
a watercourse
for
drinking,
stream
banks
are
broken
down,
bottom
sediments
disturbed
and
direct
discharge
of
animal
manures
to
the
watercourse
results.
Depending
upon
the
intensity
of
the
livestock
useage,
the
stability of the soils and stream bank and the ability of the watercourse to assimilate
the
contaminants,
this
activity
can
pose
a
serious
problem.
Fencing off of watercourses and the provision of alternate sources of water supply are
the most obv1ous methods of reducing this problem.
In some cases, the use of concrete
or gravel access ramps in controlled areas will sufficiently reduce the problem to
still permit direct water usage from the watercourse.
Advantages
Disadvantages
— reduction of direct discharge of live- — increased cost and inconvenience if
stock wastes to watercourses alternate water supply source is required
— maintenance of stable streambanks
Capital Costs Operating and Maintenance Costs
Construction of concrete or gravel ramps - regular cleaning of accumulated
would be in the order of $250 to $500 each. manure aroundand on access ramps
Fencing for the exclusion of livestock from
an area costs approximately $1.50 — $2.75
per meter.
 
M
Previous Experience
Commonly used technique.
pg
iource of Information 203: 173: 174-
‘
—
    
 Tide
Land
Smoo
thin
g
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Keywords Agriculture, Sediment.
 
App
lic
abl
e L
and
Use
Poll
utan
t C
ont
rol
led
Agr
icu
ltu
re
Sed
ime
nt
Description
Lan
d
smo
oth
ing
is
the
rem
ovi
ng
of
irr
egu
lar
iti
es
on
the
lan
d
sur
fac
e b
y
the
use
of
spe
cia
l
equ
ipm
ent
to
rou
gh
gra
de
fie
lds
to
for
m
con
tin
uou
s
gra
die
nts
.
The
pur
pos
es
of
lan
d s
moo
thi
ng
are
to:
imp
rov
e
sur
fac
e dr
ain
age
; p
rov
ide
for
mor
e e
ffe
cti
ve
use
i
of
pre
cip
ita
tio
n;
obt
ain
uni
for
m p
lan
tin
g
dep
ths
;
pro
vid
e
for
mor
e
uni
for
m c
ult
i-
I
vat
ion
;
imp
rov
e
equ
ipm
ent
ope
rat
ion
and
eff
ici
enc
y;
imp
rov
e
ter
rac
e
ali
gnm
ent
;
and
to
fac
ili
tat
e
con
tou
r
cul
tiv
ati
on.
By
imp
rov
ing
the
ove
ral
l
pro
duc
tiv
ity
and
eff
ici
enc
y
of
cul
tiv
ati
on
of
the
fie
ld,
the
sus
cep
tib
ili
ty
to
ero
sio
n
is
red
uce
d,
and
the
eff
ici
enc
y
of
oth
er
ero
sio
n
con
tro
l
met
hod
s
is
inc
rea
sed
.
Thi
s p
rac
tic
e a
ppl
ies
on
lan
ds
whe
re
dep
res
sio
ns,
mou
nds
, o
ld
ter
rac
es,
tur
n r
ows
and
oth
er
sur
fac
e i
rre
gul
ari
tie
s
int
erf
ere
wit
h t
he
app
lic
ati
on
of
oth
er
nee
ded
soi
l a
nd
was
te
con
ser
vat
ion
and
man
age
men
t
pra
cti
ces
.
Advantages Disadvantages
- m
any
ind
ire
ct
ben
efi
ts
— c
are
mus
t b
e t
ake
n n
ot
to
dis
tur
b o
r
to preserve the natural soil horizons.
 
Cost Implications
Cost
s ar
e ve
ry
site
spec
ific
depe
ndin
g up
on t
he e
xten
t an
d ma
gnit
ude
of t
he i
rreg
u-
larities, the need for multiple operations to reserve soil horizons grading
toler
ances
, et
c.
Costs
are e
stima
ted
to be
in th
e ran
ge of
$100
— $20
0/hec
tare.
 
Previous Experience i
Technique is applicable and widely used throughout the Great Lakes Basin.
  
Source of Information 240, 241, 242, 243, 244.
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f.
T
u
n
e
G
a
b
i
o
n
B
a
s
k
e
t
s
1
0
1
 
l(eyvvords
Urban,
Agriculture,
Lakeshore
and
R
i
ve
r
b
a
n
k
Erosion,
Sediment.
A
p
p
l
i
c
a
b
l
e
L
a
n
d
U
s
e
P
o
l
l
u
t
a
n
t
C
o
n
t
r
o
l
l
e
d
U
r
b
a
n
S
h
o
r
e
l
i
n
e
L
a
n
d
f
i
l
l
i
n
g
s
e
d
i
m
e
n
t
s
Agriculture
L
a
k
e
s
h
o
r
e
a
n
d
R
i
v
e
r
b
a
n
k
E
r
o
s
i
o
n
  
—
—
7
Description
G
a
b
i
o
n
s
are
made
of
h
e
a
vy
gauge
wire
mesh
fabric,
wi
r
e
d
into
panels
wh
i
c
h
t
o
g
e
t
h
e
r
form
rectangular
baskets.
These
baskets
are
then
wired
together
in
various
geometries
to
c
o
n
f
o
r
m
to
the
desired
bank
or
shoreline
height
and
slope
and
t
h
e
n
filled
wi
t
h
,
angular
rock.
When
completed
the
gabion
lining
provides
a
continuous,
flexible,
’
erosion
resistant
structure
of
great
strength.
Gabions
have
been
used
as
retaining
walls,
channel
linings,
drop
structures,
check
dams,
shutes,
spillways,
energy
dissipates.
etc.
Soil
material
eventually
fills
the
rock
voids
and
provides
a
base
for
vegetative
growth.
Depending
upon
soil
conditions
a
granular
or
fabric
filter
may
be
required
behind
the
structure
to
prevent
the
loss
of
fines
through
the
gabion.
 
Advantages
Disadvantages
-
as
building
blocks,
gabions
can
be
—
key
basket
at
toe
of
slope
may
be
designed
to
fit
most
channel
geometries
difficult
to
construct
underwater
and
—
strong
and
flexible
coffer
damming
may
be
required
— very
stable
to
allow
construction
in
the
dry.
 
Cost Implications
Installation
is very
site
specific depending particularly
upon
water
depth
and
velocity, and site accessibility.
General costs range from $40 to $60 per cu.m.
Maintenance is very low.
Previous Experience
Very commonly used material with availability throughout the Great Lakes Basin.
  
125, 108.
source
of
Information
 
 Title Mi
sc
el
la
ne
ou
s
Er
os
io
n
Co
nt
ro
l
Fa
br
ic
s
an
d
Ma
te
ri
al
s
10
2
 
Keywords
Ur
ba
n,
Ag
ri
cu
lt
ur
e,
La
ke
sh
or
e
an
d
Ri
ve
rb
an
k
Er
os
io
n,
Se
di
me
nt
s.
Applicable Land Use
Urban
Agriculture
Lakeshore and Riverbank Erosion
horeline Landfilling
Pollutant Controlled
Sediments
  
Description
1 . Bio
deg
rad
eab
le
Mat
eri
als
— T
he
fab
ric
mat
eri
als
pro
vid
e a
cov
er
to
pro
tec
t t
he
soi
l b
ase
fro
m d
ire
ct
wat
er
flo
w,
the
y a
ct
as
a f
ilt
er
to
res
tri
ct
the
was
hou
t
of
fin
e p
art
icl
es,
yet
the
y s
til
l a
llo
w s
eed
ed
veg
eta
tio
n t
o g
erm
ina
te
and
gro
w.
Jute matting, and excelsior blanketing are examples.
Synt
heti
c fa
bric
s —
Thes
e fa
bric
s ar
e no
n bi
odeg
rade
able
and
can
be e
ithe
r wo
ven
or n
on w
oven
.
Wove
n ma
teri
als
usua
lly
have
larg
er p
ore
size
s th
an n
on w
oven
fab
ric
s.
Thi
s c
las
s o
f f
abr
ic
can
be
ver
y t
hin
wit
h s
mal
l p
ore
siz
e m
aki
ng
the
m i
dea
l f
or
fil
ter
clo
ths
beh
ind
gab
ion
s,
aro
und
dra
ina
ge
til
es
etc.
as
an
alt
ern
ati
ve
to
gra
nul
ar
fil
ter
mat
eri
al.
At
the
oth
er
ext
rem
e,
ver
y t
oug
h,
cou
rse
fab
ric
s u
p t
o s
eve
ral
cen
tim
ete
rs
in
thi
ckn
ess
can
be
obt
ain
ed
for
use
in
lak
esh
ore
ero
sio
n a
ppl
ica
tio
ns
to
res
ist
wav
e a
cti
on.
Mat
eri
als
of
a w
ide
var
iet
y
of
pla
sti
c c
omp
oun
ds,
pol
yes
ter
, c
ell
ulo
se,
fib
reg
las
s e
tc.
are
use
d.
Com
mon
trade names are Bidim, Mirafi 140, Terrafix, Typar,Hold/oro.
Conc
rete
fill
ed f
abri
cs —
A ny
lon
fabr
ic m
at l
ooki
ng m
uch
like
an a
ir m
attr
ess
fil
led
wit
h c
onc
ret
e h
as
bee
n u
sed
suc
ces
sfu
lly
for
cha
nne
l l
ini
ng
and
sho
rel
ine
sta
bil
iza
tio
n w
ith
suc
ces
s.
Thi
s b
lan
ket
, "
Fab
rif
orm
”,c
an
be
pla
ced
on s
lope
s,
abov
e an
d be
low
the
wate
r li
ne.
The
mat,
once
plac
ed,
is p
ress
ure
fill
ed w
ith
conc
rete
grou
t
This
mate
rial
can
be o
btai
ned
in b
oth
a co
bble
d or
smoo
th s
urfa
ce a
nd c
an b
e fa
bric
ated
with
spac
es
for
the
reli
ef o
f hy
dros
tati
c
pressure from under the mattress.
Mesh
conn
ecte
d co
ncre
te b
lock
s.
A Eu
rope
an f
irm
has
rece
ntly
intr
oduc
ed a
matt
ress
for use in streambank and lakeshore protection. Small concrete blocks are
formed around a wire meshto form flexible units in exeess of 1 metre x 2 metres
in a
rea.
Thes
e he
avy
flex
ible
unit
s c
an b
e ea
sily
fiel
d co
nnec
ted
and
lift
ed i
nto
plac
e wi
th b
ackh
oe o
r cr
ane
equi
pmen
t.
Thes
e ma
ttre
sses
are
part
icul
arly
usef
ul
in underwater applications in excess of 2 metres of water. Common trade name is
GOBI-MAT.
Inter
locki
ng P
aving
Stone
s — V
ery
dense
, fr
ost
resis
tant
mason
ary b
ricks
, co
mmonl
y
used
for
stre
ets
and
side
walk
s, h
ave
been
succ
essf
ully
used
for
lini
ng o
f ch
anne
ls t
o
prot
ect
agai
nst
eros
ion,
main
tain
hydr
auli
cs a
nd i
mpro
ve a
esth
etic
s.
A be
ddin
g of
sand is required for these hand laid bricks. Flexibility ofend product is an
asset. Repairs are relatively easy with little adjacent disturbance.
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Miscellaneous
Individual
Wastewater
Treatment
Systems
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K
e
y
w
o
r
d
s
Urban,
Recreation,
Agriculture,
Nutrients.
Applicable Land Use
Urban
Recreation
Agriculture
Pollutant Controlled
Nutrients
 
1 Description
1.
Jet
Home
Treatment
Plant/Aquarobic
System
—
Below
ground
extended
aeration
system
with
discharge
to
a
soil
absorption
system.
Optional
upflow
filtration
and
disinfection
can
be
added.
Effluent
results:
BOD=20
mg/l,SS=25mg/l.
Cost
approximately
$2,700
to
$3,000
per
unit.
Sludge
must
be
periodically
removed,
aerator
maintained.
$7
—
$10
per
month
for
electricity.
2.
Incinolet
—
Incinerates
waste
in
toilet.
Septic
tank
and
soil
absorption
system
would
be
required
for
remaining
household
waste
water.
A
zero
discharge
from
toilet
l
wastes
results.
Ashes
must
be
periodically
removed.
$900 capital
cost
plus
intermittant
power
consumption
of
750
watts.
3.
Ecolet
-
Humification
with
external
heat
source
for
mesophilio
conditions.
Urine
and
liquids
evaporated.
Electric
fan
provides
oxygen
for
aerobic
conditions.
System
only
for
toilet
therefore,
septic
tank
and
soil
absorption
system
required
for
remaining
household
waste
water.
$900
capital
cost
plus
continuous
power
con—
sumption of 160 watts.
4.
Cycle
Let
- Underground
extended aeration plus
membrane
filtration,
activated
carbon
filtration
and
ultraviolet
disinfection.
Water
can be
recycled
for
flush water.
System must be protected against freezing.
$4,000 to $7,500 capital
cost plus continuous power consumption of 350 watts.
Ultraviolet light,
filtration
media require frequent replacement and outer unit requires
annual/biennial
cleaning.
Source of Information 207, 237.
_—
    
 Title
Clivus Multrum
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Ke
yw
or
ds
Ur
ba
n,
Re
cr
ea
ti
on
,
Ag
ri
cu
lt
ur
e,
Nutrients.
Applicable Land Use
Urban
Recreation
Agriculture
Pollutant Controlled
Nutrients
 
Description
odours.
in
cl
in
ed
co
mp
os
ti
ng
co
mp
ar
tm
en
t
wh
ic
h
mu
st
Th
e
Cl
iv
us
Mu
lt
ru
m
is
a
co
mp
ar
tm
en
ta
li
ze
d
to
il
et
in
wh
ic
h
th
e
wa
st
es
ar
e
co
mp
os
te
d.
Wa
st
es
ar
e
de
po
si
te
d
in
to
a
ta
nk
wi
th
an
in
cl
in
ed
bo
tt
om
.
ma
in
ta
in
ed
by
co
nn
ec
ti
on
wi
th
in
th
e
ta
nk
an
d
a
de
gr
ee
of
fo
rc
ed
ve
nt
in
g
to
co
nt
ro
l
A
re
la
ti
ve
ly
in
er
t
as
h
of
co
mp
os
te
d
ma
te
ri
al
re
su
lt
s
at
th
e
bo
tt
om
of
th
e
Aerobic conditions are
be periodically removed.
Advantages
- no discharge from toilet wastes
- very low water consumption
Disadvantages
— periodic cleaning
-
se
pt
ic
ta
nk
an
d
so
il
ab
so
rp
ti
on
sy
st
em
st
il
l
re
qu
ir
ed
fo
r
re
ma
in
de
r
of
ho
us
e-
hold liquid wastes
Capital Costs
Dep
end
ing
upo
n
rem
ote
nes
s
of
loc
ati
on
eac
h
un
it
co
st
s
in
th
e
or
de
r
of
$1
,4
00
an
d
a
$4
50
in
st
al
la
ti
on
al
lo
wa
nc
e
sh
ou
ld
be
ad
de
d
Op
er
at
in
g
an
d
Ma
in
te
na
nc
e
Co
st
s
-
Ve
ry
li
tt
le
ma
in
te
na
nc
e
re
qu
ir
ed
du
e
to
ab
se
nc
e
of
me
ch
an
ic
al
sy
st
em
s.
.
—
re
qu
ir
es
pe
ri
od
ic
cl
ea
ni
ng
.
Previous Experience
Use
d
ext
ens
ive
ly
in
Sca
ndi
nav
ia
and
rec
ent
ly
int
rod
uce
d
in
Can
ada
and
the
Uni
ted
Sta
tes
.
 
S
o
u
r
c
e
of
In
fo
rm
at
io
n
20
7,
23
7.
—
-
A
4‘
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—
+
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Controlling
Feedlot
Runoff
105
K
e
y
w
o
r
d
s
Agriculture,
Nutrients.
Applicable
L
a
n
d
U
s
e
Pollutant
Controlled
A
g
r
i
c
u
l
t
u
r
e
N
u
t
r
i
e
n
t
s
Description
T
h
e
first
step
in
the
control
of
p
o
l
l
ut
i
o
n
r
e
s
ul
t
i
n
g
f
r
o
m
feedlot
r
un
o
f
f
is
to
m
i
n
i
m
i
ze
the
quantity
of
runoff
by
preventing
external
surface
water
from
entering
the
lot.
The
d
r
a
i
n
a
g
e
s
ys
t
e
m
should
be
designed
to
divert
any
d
r
a
i
n
a
g
e
vi
a
diversions
or
terraces
a
r
o
un
d
the
feedlot
so
that
only
drainage
f
r
o
m
the
feedlot
itself
will
haVe
to
be
handled.
Manure
on
the
feedlot
surface
provides
protection
to
the
soil
from
erosion,
however,
if
a
heavy
load
of
manure
is
carried
in
runoff,
difficulty
in
intercepting
and
handling
the
runoff
will
increase.
Manure
packs
should
be
contained
within
the
internal
feedlot drainage area.
The
runoff
water
can
be
collected
and
disposed
of
by
several
different
systems.
The
economics
of
installing
a
retention
type
system
will
be
site
specific
depending
upon
land
availability,
materials
costs
and
site
conditions.
The
runoff
can
be
disposed
of
directly
on
the
land
provided
that
the
application
rate
is
low
enough
that
runoff
does
not
occur
from
the
receiving
land
and
the
crop
nutrient
requirements
are
compatible
with
the
nutrient
content
of
the
runoff.
In
general,
feedlot
runoff
should
not
be
used
on
fresh
fruit
and
vegetable
crops
that
may
carry
the
contamination
into
the
market
product.
Monitoring
for
salt
and
nutrient
buildup
in
the
receiving
soils
should be done.
The
retention
pond
may
take
a number
of
forms
depending
upon
the
requirements
of
the
individual
installation.
In
some
cases,
a
simple
temporary
storage
will
be
sufficient
from
which
the
runoff
will
be
spread
on
adjoining
land.
In
other
cases,
a more
extensive
treatment
system
will
be
required.
Treatment
lagoons
have
been
used
for
many
years
for
the
treatment
of
biologically
degradable
wastes.
While
lagoons
are
relatively
inexpensive
to
construct
and
operate,
they
require
a
sizable
land
area
to
provide
adequate
treatment.
Land
disposal
of
the
effluent
is
usually
required
unless
treatment
efficiency
or receiving water
capacity is
sufficiently
high
to
allow
for
disposal.
Most techniques used to control and/or treat feedlot runoff are adaptations of
remedial measures for other purposes.
See also catalogue entries 20, 21, 22, 42,
46, 47, 62, 63, 80, 81.
   
Source of Information 208, 219, 237, 206, 152, 203.
 
  
Tit
le
Lan
dfi
ll
Lin
ers
106
K
e
y
w
o
r
d
s
S
o
l
i
d
W
a
s
t
e
D
i
5
p
o
s
a
1
,
C
h
e
m
i
c
a
l
s
.
Ap
pl
ic
ab
le
La
nd
Us
e
Po
ll
ut
an
t
Co
nt
ro
ll
ed
S
o
l
i
d
W
a
s
t
e
D
i
s
p
o
s
a
l
C
h
e
m
i
c
a
l
s
 
Description
S
e
ve
r
a
l
t
yp
e
s
of
li
ni
ng
m
a
t
e
r
i
a
l
s
ar
e
a
v
a
i
l
a
b
l
e
to
a
r
t
i
f
i
c
i
a
l
l
y
c
o
n
t
a
i
n
la
nd
fi
ll
le
ac
ha
te
(c
on
ta
mi
na
te
d
se
ep
ag
e
fr
om
so
li
d
wa
st
e)
in
si
te
s
wh
ic
h
do
no
t
na
tu
ra
ll
y
af
fo
rd
th
e
ca
pa
bi
li
ty
to
at
te
nu
at
e
th
e
co
nt
am
in
at
io
n
pr
io
r
to
im
pa
ir
in
g
a
gr
ou
nd
or
su
rf
ac
e
wa
te
r
us
e.
Na
tu
ra
l
ma
te
ri
al
s
su
ch
as
na
ti
ve
cl
ay
an
d
be
nt
on
it
e
cl
ay
s
ha
ve
be
en
us
ed
as
we
ll
as
se
ve
ra
l
ma
n
ma
de
ma
te
ri
al
s
su
ch
as
PV
C,
hy
pa
lo
n,
bu
ty
l
ru
bb
er
,
e
l
a
s
t
i
c
i
z
e
d
p
o
l
yo
l
e
f
i
n
,
as
ph
al
t,
so
il
ce
me
nt
,
et
c.
Si
te
c
o
n
d
i
t
i
o
n
s
wi
ll
de
te
rm
in
et
he
de
gr
ee
of
co
nt
am
in
an
t
re
qu
ir
ed
an
d
th
en
an
en
gi
ne
er
in
g
an
al
ys
is
mu
st
be
do
ne
to
se
le
ct
th
e
be
st
ma
te
ri
al
fo
r
th
e
pu
rp
os
e.
A
hi
gh
de
gr
ee
of
co
nt
ai
nm
en
t
is
po
ss
ib
le
if
pr
op
er
ly
co
ns
tr
uc
te
d.
De
gr
ad
at
io
n
ra
te
s
va
ry
wi
th
ma
te
ri
al
s
an
d
si
te
c
o
n
d
i
t
i
o
n
s
bu
t
g
e
n
e
r
a
l
l
y
a
c
c
e
p
t
e
d
r
a
n
g
e
is
f
r
o
m
20
to
50
ye
ar
s.
M
o
s
t
li
ne
rs
r
e
q
ui
r
e
a
p
r
o
t
e
c
t
i
v
e
c
o
ve
r
to
a
vo
i
d
m
e
c
h
a
n
i
c
a
l
i
n
j
ur
y
d
u
r
i
n
g
l
a
n
d
f
i
l
l
i
n
g
.
 
Disadvantages
-
re
qu
ir
es
ca
re
fu
l
qu
al
it
y
co
nt
ro
l
an
d
co
ns
tr
uc
ti
on
su
pe
rv
is
io
n
to
en
su
re
in
-
tegrity
—
re
qu
ir
es
la
rg
e
ca
pi
ta
l
in
ve
st
me
nt
Advantages
-
to
ta
l
o
n
—s
i
t
e
c
o
n
t
a
i
n
m
e
n
t
of
p
o
l
l
u
t
a
n
t
s
is possible
-
c
o
n
t
a
i
n
m
e
n
t
of
la
nd
fi
ll
l
e
a
c
h
a
t
e
in
mo
re
co
nc
en
tr
at
ed
fo
rm
fo
r
tr
ea
tm
en
t
if necessary
—
m
o
r
e
c
o
n
t
r
o
l
l
e
d
s
y
s
t
e
m
t
h
a
n
if
a
l
l
o
we
d
to
en
te
r
gr
ou
nd
wa
te
r
fl
ow
sy
st
em
 
Cost Implications
Co
st
s
fo
r
si
te
pr
ep
ar
at
io
n
ar
e
si
te
sp
ec
if
ic
.
Ma
te
ri
al
s
an
d
in
st
al
la
ti
on
co
st
s
va
ry
gr
ea
tl
y
de
pe
nd
in
g
up
on
ty
pe
,
qu
an
ti
ty
,
lo
ca
ti
on
,
si
te
co
nd
it
io
ns
,
cl
im
at
e,
et
c.
Ap
pr
ox
im
at
e
co
st
s
ra
ng
e
fr
om
$1
.5
0
to
$5
.0
0
pe
r
sq
.m
.
Previous Experience
Se
ve
ra
l
la
nd
fi
ll
s
in
Pe
nn
sy
lv
an
ni
a,
Ne
w
Yo
rk
an
d
Wi
sc
on
si
n.
Li
ve
rp
oo
l
Ro
ad
La
nd
fi
ll
Si
te
,
To
ro
nt
o,
On
ta
ri
o
Ex
te
ns
iv
e
re
se
ar
ch
do
ne
in
Un
it
ed
St
at
es
an
d
Ca
na
da
.
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Keyvvordsﬁ
Urban,
Transportation,
Lakeshore
G
Riverbank
Erosion
,
Sediments.
A
p
p
l
i
c
a
b
l
e
L
a
n
d
U
s
e
Pollutant Controlled
U
r
b
a
n
Forestry»
S
e
d
i
m
e
n
t
s
Transportation EXtraCtive
Lakeshore
a
Riverbank
Erosion
 
Description
In
hydroseeding,
a
mixture
of
seed,
fertilizer
and
water
is
mixed
together
in
a
truck
mounted
reservoir
and
sprayed
on
to
sloping
or
inaccessible
areas
in
slurry
form.
Many
types
of
hydroseeders
also
have
capability
to
mix
and
spray
an
organic
or
fibrous
mulch
and
a
mulch
tacking
agent
simultaneously.
This
method
is
effective
i
on
large
areas,
particularily
slopes
where
preparation
and
multiple
seeding
operations
may
be
difficult
and
undesirable.
This
is
a
very
fast
and
effective
method
of
revegetating
disturbed
areas
and
is
not
as
dependent
upon
weather
and
soil
moisture
conditions
as
conventional
agricultural
seeding
equipment.
 
Advantages
Disadvantages
- suitable for steep slopes or inaccessible
areas
— flexibility with application rates,
materials and timing
— single operation is fast and effective
with less additional disturbance of area
 
Cost Implications
Hydroseeding costs are generally in the $.10 to $.25 per sq.m. depending upon size
of area, application rate, materials and mulch used, travel distance of equipment
soil quality, etc.
 
Previous Experience
Very popular method of restoration of sloping areas particularily for highway
construction restoration.
  
Source of Information
92, 106, 146-
_a
  
 Title
Catch Basin Cleaning
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m
a
t
t
e
r
f
r
o
m
ru
no
ff
,
i
n
c
l
ud
i
n
g
fi
ne
so
li
ds
.
enough
so
ur
ce
of
or
ga
ni
c
sl
ud
ge
.
no
t
se
rv
ic
ed
by
st
re
et
sw
ee
pi
ng
eq
ui
pm
en
t,
te
nd
to
r
e
d
uc
e
th
e
"
f
i
r
s
t
fl
us
h"
of
th
e
ca
tc
h
ba
si
n
an
d
th
e
ra
te
of
ac
cu
mu
la
ti
on
.
ap
pr
ox
im
at
el
y
56
%
of
to
ta
l
so
li
ds
an
d
ab
ou
t
40
%
of
BO
D.
(1
46
)
Ke
yv
vo
rd
s
Ur
ba
n,
Tr
an
sp
or
ta
ti
on
,
Se
di
me
nt
s,
Nu
tr
ie
nt
s,
Ch
em
ic
al
s
Ap
pl
ic
ab
le
L
a
n
d
U
s
e
Po
ll
ut
an
t
Co
nt
ro
ll
ed
Ur
ba
n
Se
di
me
nt
s
T
r
a
n
s
p
o
r
t
a
t
i
o
n
N
ut
r
i
e
n
t
s
Chemicals
Description
Wh
en
re
gu
la
rl
y
cl
ea
ne
d,
ca
tc
h
ba
si
ns
ar
e
fo
un
d
to
be
ef
fe
ct
iv
e
in
re
mo
vi
ng
pa
rt
ic
ul
at
e
Ho
we
ve
r,
fe
w
ar
e
cl
ea
ne
d
re
gu
la
rl
y
to
be
ef
fi
ci
en
t,
us
ua
ll
y
on
ly
on
ce
pe
r
ye
ar
,
an
d
ma
y
be
co
me
a
si
gn
if
ic
an
t
Ca
tc
h
ba
si
ns
ca
n
be
cl
ea
ne
d
re
gu
la
rl
y
de
pe
nd
in
g
up
on
th
e
re
ma
in
in
g
ca
pa
ci
ty
C
a
t
c
h
b
a
s
i
n
s
ca
n
r
e
m
o
ve
in areas which are
Th
er
e
ha
s
be
en
mu
ch
di
sc
us
si
on
ab
ou
t
th
e
us
ef
ul
ne
ss
of
ca
tc
h
ba
si
n
su
mp
s
if
th
er
e
is
no
pr
og
ra
m
or
as
an
al
te
rn
at
iv
e
to
pe
ri
od
ic
cl
ea
ni
ng
.
Th
e
ab
se
nc
e
of
su
mp
s
wo
ul
d
pe
ak
lo
ad
in
gs
fr
om
ur
ba
n
ru
no
ff
,
bu
t
it
ha
s
ye
t
to
be
es
ta
bl
is
he
d
wh
et
he
r
th
e
lo
ng
te
rm
ef
fe
ct
s
of
no
—s
um
p
ca
tc
h
ba
si
ns
ar
e
be
ne
fi
ci
al
.
Advantages
—
so
ur
ce
re
mo
va
l
of
co
nc
en
tr
at
ed
co
nt
am
in
an
ts
pr
io
r
to
en
te
ri
ng
transport system
-
re
gu
la
rl
y
ma
in
ta
in
ed
ca
tc
h
ba
si
ns
an
d
st
re
et
cl
ea
ni
ng
ma
y
im
pr
ov
e
ur
ba
n
ru
no
ff
quality by 25 to 50%.
 
Disadvantages
Cost Implications
catch basin.
Th
e
co
st
of
va
ri
ou
s
me
th
od
s
of
ca
tc
h
ba
si
n
cl
ea
ni
ng
ar
e
in
th
e
or
de
r
of
$3
to
$4
pe
r
Se
ve
ra
l
va
cu
um
ty
pe
st
re
et
sw
ee
pi
ng
ve
hi
cl
es
ca
n
be
ad
ap
te
d
fo
r
th
is
pu
rp
os
e
as
we
ll
.
Previous Experience
Co
mm
on
pr
ac
ti
ce
in
mo
st
mu
ni
ci
pa
li
ti
es
.
equipment,
Ma
ny
ty
pe
so
f
co
mm
er
ci
al
ly
av
ai
la
bl
e
Source of Information
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Title
Plant
M
a
t
e
r
i
a
l
s
for
Bank
and
SIOpe
S
t
a
b
i
l
i
za
t
i
o
n
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l<eyvvordSIeran,
Agricultural,
Recreation,
Forest,
Extractive,
Sediments.
Applicable Land Use
Urban
Forest
Sediments
A
g
r
i
c
u
l
t
u
r
e
T
r
a
n
s
p
o
r
t
a
t
i
o
n
Recreation
Shoreline
Landfilling
Erosion
L
a
k
e
s
h
o
r
e
&
R
i
v
e
r
b
a
n
k
 
Pollutant Controlled
 
Description
Ground Covers Other
Than Grass
Cotoneaster horizontalis
Eunoymus coloratus
Coronillia varia
Pachysandra terminalis
Vinca minor
Shrubs
Cornus alba
Forsythia suspensa
Rosa wichuriana
Vines
Clematis paniculata
Hedra helix 'Baltica'
Lonicera japonica 'Halliana'
Parthenocissus quinquefolia
Location of Use
On steep slopes up to 1:1
or greater
Some species will do well
on_very sandy or rocky slopes
where grasses might not grow
Many are very shade toler-
ant and can be used where
turf is difficult to establish
.used effectively where
maintenance is difficult
.generaﬂqluseful on valley
slopes up to 2:1
.should be used in con—
junction with ground
covers or grasses rather
than alone
.useful for naturalizing
disturbed valley or high-
way slopes
.similar to ground covers
except most require full sun
Remarks
generally slow (l-2yr)
to establish but have
good soil binding pro—
perties when established
. may be expensive depen—
ding on spacing, type,
area to be covered
. generally form a good
mat which prevents pelt-
ing rain from eroding
the soil
. requires little or no
maintenance once esta—
blished
. visually attractive
. many broadleaf evergreen
species available for
winter effect
. rooting systems have
good soil holding pro—
perties
. require little or no
maintenance
. require a deeper soil
than ground cover to
become established
generally more rapid
establishment
. often display rapid
growth covering large
areas
. rooting system holds
soil well
 
.
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